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NOW THE GOSSOR 1076 


Acknowledged by Industry as Britain’s most advanced 


OSCILLOSCOPE 


This is a most versatile engineering and indeed all 


Here DC oscilloscope with practically industry. Twenty-four calibrated 


every conceivable facility—by time base ranges are provided, 
and mee~* of a comprehensive voltage and time calibration 
N ranye of plug-in units, the permitting accurate 
OW to instrument covers the entire measurement of waveforms, 
field of oscillography in all which can also be recorded 
e its applications to nucleonics, by camera. Advanced 
60 Nic io’ 8 communications, semi- technique of filtered forced 
conductor research, servo ventilation provides silent 
eS control, mechanical air conditioning. 





Sensitivity: 


A CONSISTENT 

50 MV/CM FROM 

DC TO 60 MC/S, 
MAXIMUM UNDISTORTED 
DEFLECTION OF 2: CMS 
TO 3 GMS EXTENDING 
RIGHT UP TO 100 MC/S 


Rise time: 
6 to 7 MILLIMICROSECONDS 


and it’s by 


Send for full technica: 
information and specifications. 
Brief descriptive list on 
Britain's biggest range of 
oscilloscopes available 


Cossor Instruments Limited 


Cossor House, Highbury Grove, London, N.9 Telephone CANonbury 1234 
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Torque relief and the Belleville Washer 


Mlustretions by kind permission of Messrs. Fodens Ltd. 


SALTER 


MAKE THE FINEST BELLEVILLE WASHERS 


GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Established 1760 


ELECTRONIC ENGINEERING 


Messrs. Fodens Ltd., fit Belleville 
washers in packs of 7 pairs on their 
F.R.6.45 Heavy Duty Dumper. This 
proved to be the most effective 
method of relieving twisting of the 
rear axle case produced by braking 
and transmission torques. 

The potential uses of Belleville washers 
are endless. 

They provide the perfect answer to 
engineering problems where resistance 
to load or thrust is beyond the capacity 
of helical springs. Their fractional 
movement under heavy load has solved 
design difficulties in almost every 
industry. 

Salter technicians can help you. Their 
services are freely at your disposal, 


JANUARY 


1¥6l 
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Mouldings and Electronic Components 
PLUGS AND SOCKETS MINIATURE BOBBINS : 


The plugs and sockets shown are Iustrated are a range of moulded 
for use in underwater junctions bobbin assemblies for small trans- 
or outside installations. Moulded formers and chokes. Moulded in 
in Alkathene the loading capacity Polystyrene or Polythene, they 


is 350 volts at 5 amps. max. are available in various colours 


P.O. TRANSISTOR AMPLIFIER PLUG-IN OSCILLATOR 


This P.O. Transistor Amplifier This fixed frequency oscillator is 
moulding is another example of — constructed on a standard octal 
potted components, the illustra- 
tion is of a development of a 
miniature version of the amplifier 
100A, this model utilising transis- 600 ohm load. Frequency: as 
tors to replace the miniature required within the range 700- 
valves. 2000 c.p.s. sinusoidal. 


base and encapsulated in epoxy 


resin. Output: 10 mw into a 


SCREEN LINE TRANSFORMER POLYTHENE MOULDED KNOBS 


This is an astatic wound A.F. We illustrate examples of our ex- a 
screened line transformer with tensive range of knobs moulded % ty 
the windings encapsulated in in Polythene. This particular ipl ° 

epoxy resin. The insulation of series has been developed for the 


the “line” winding provides iso- R.A.F. and was designed by us to & vs 
lation against voltages of 30 kV enable cockpit controls to be ' 
Cake. : 


RMS. recognised by touch. 


j 


WHITELEY ELECTRICAL RADIO CO LTD - MANSFIELD - NOTTS 











STANDARD TYPES for IMPROVED STABILITY 
AM Miniature } watt, range 100 ohms to 500 kilohms, Axial leads. CONSISTENT ACCURACY 


RM2 Miniature }, watt, 100 ohms to 200 kilohms. Radial leads. 


P Plug in type on international octal base, 10 ohms to 10 megohms. GUARANTEED TEMPERATURE 


Tapped resistor, max-resistance 1 megohm in each of up to COEFFICIENT 
5 sections. 
Standard precision type. 0.1 ohm to 3 megohms, 1W, $W or }W. 


High resistance, high voltage, 10 ohms to 40 megohms from 
2 to 8W. 


Decade resistor for digital measuring instruments, parallel for GOnNTION 
or series. 


On American sized bobbins, $, $ and |W from 100 obms to 
1.5 megohms. 


* Special temp. coefficient type guaranteed to -+-0.0004% per °C. 
B Power type for servo use, 0.5 ohms to 50 kilohms, for 3, 5 & 10W. 


*SPECIALS’ SUPPLIED TO CUSTOMERS’ REQUIREMENTS 


Alma COMPONENTS LIMITED - Park Road, Diss, Norfolk. Telephone: Diss 2288 


London Sales Office: 551 Holloway Road, London, N.I9. Telephone ARChway 0014/5 
EE 29 007 for further details 
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Haddon “STANDARD” Saturable Reactors— 

N Transductors operate from conventional A.C. line 

Voltages and provide a choice of D.C. Voltages for 

Control Windings. Selected from a wide range of 

STAN DA RD individually designed and manufactured SPECIALS 
over past years, the HADDON STANDARD RANGE 

enable the discerning engineer to select STANDARD 


SATURABLE REAGTORS EQUIPMENT for Specific application. 


416 standard single-phase designs cover the range 
TRANSDUCTORS —**** "8 

They provide the best method of stepless control in 

both long-term economies and high performance 

standard. 


i) ¢ 
\ i @ 


Technical literature containing the principles 
and applications of our wide range of Saturable MAGNETIC 
Reactors is available on request. AMPLIFIERS 


For use with Saturable 
Reactors Haddon manufacture 
a standard line of Magnetic 
Amplifiers. 

Operating from 200/250V 
50/60 c/s single-phase supply, 
with input of 0-5 mA DC in 

HADDON TRANSFORMERS LIMITED 2000/8000 ohms. 


Victoria Park Industrial i isli iddx. 
rial Estate, Field End Road, Ruislip, Middx Illustrated above is the 1000W 
Telephone: Byron 9444-8 Telegrams: Hadtrans, Ruislip Magnetic Amplifier 
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Type N600 & N624 


Ratemeters 


The Ekco Type N600 Ratemeter is a 
precision counting ratemeter for use with 
It in- 
corporates a stabilised high voltage supply 


all forms of radiation counters. 


suitable for G-M tubes or scintillation 
counters, an input amplifier, and a single 
With a 
a complete 


channel pulse height analyser. 
suitable counter it forms 
counting equipment, and with a recorder 
also it forms a complete spectrum analyser. 
It consists of three plug-in units, each 
These 


or gate 


carrying its own meter. monitor 


discriminator threshold width, 
The 


gate width is continuously variable and 


ratemeter output, and HV supply. 


may be set to a fixed value or a fixed 
percentage of threshold; this latter often 
resolution of the lower 


gives better 


energy peaks. 
The 
version 


Ratemeter N624 is a 
of the N600, 


simple discriminator and a single meter 


simplified 


incorporating a 


to monitor ratemeter output, discrimin- 
ator threshold or HV supply. 


SEE OUR STAND AT THE 
PHYSICAL SOCIETY EXHIBITION 


EKCO ELECTRONICS L 


SOUTHEND-ON-SEA: 
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input Sensitivity. 5mV to 2V, 
negative - going. 5V to Il00V, 
positive-going. 


Amplifier. Gain switched in steps 
from 25 to 1000. Bandwidth 
1 Me/s. Rise time 0.3 p.secs. 


Pulse Height Analyser. Threshold 
variable between 5 and 50 volts, 
and between 5 and 100 volts. Gate 
width variable between 0-10 volts 
or 0-50 volts, or between 0-10%, 
0-20% or 0-100%. 

Ratemeter Ranges: From 3 cps. to 
100,000 cps. in multiples of 3 
and 10. 


Resolution: 3 p.secs. 


Mean Probable Error Control. 
Automatically adjusted integrat- 
ing time constants are arranged 
to provide a range of mean 
probable errors in five steps from 
1% to 10%. 


SPECIFICATION 
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Recorder. Any standard recorder 
may be driven. 


Stability. Ratemeter accuracy 1% 
changed by less than 0.5% for 
10% mains change. Temperature 
coefficient: less than 0.05% /°C. 
HV Supply. 250V to 2,000V in two 
ranges. Current available is 0.5mA 
up to 1,500V decreasing to 0.lmA 
at 2,000V. Stability better than 
0.25% for + 10% mains change. 
Ripple and noise less than 5mV 
above 200 o/s. 

External Supplies. 300 volte at 
20mA, 105 volts at 10mA, 6.3 
volts at 2A. 

Mains Input. 110-120V and 200- 
250V., 50/60 c/s. Consumption 
200 watts. 

Panel Size. 19” x 10}” x 14” deep 
(48 x 27 x 36 cm). 

Weight. 70 Ib. (31.7kg). 


ESSEX 


ELECTRONIC ENGINEERING 


Wh tidy, 


PHONE 4994! 
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10,000,000 
to | 


continuously 
variable Range of 
Square Pulse Width 
Delay and Rate 











@ SINGLE OR DOUBLE PULSES of either polarity. 
@ FAST RISE TIME—10 to i2 mysec independent of control settings over a range of 20mV to 2V. 
@ AMPLITUDE—Accurately calibrated within 2%—20mV to SOV. 
@ NEGLIGIBLE RINGING, OVERSHOOT, JITTER and NO SAG. 
@ INTERNAL RATE GENERATOR—0-Ic/s to 1Mc/s. 
@ EXTERNAL TRIGGERING up to 2-5Mc/s from any wave form. 
@ SINGLE PULSE or PAIR OF PULSES by push-button. 


All these features make ithe NAGARD 5002 the most versatile 
PULSE GENERATOR {available today. The diagram below represents its output. 








- 
You can now visualise some of | 
its many applications, for 
example :— 


TRANSISTOR CIRCUITRY — the 
testing of response characteristics, 
particularly in computer applications. 


COMPUTERS and all devices SINGLE 
depending on gating circuits can be MAIN PULSE 
tested for response times. 


PULSE GROUP GENERATOR— 
TYPE S10! 


This instrument added to the 5002 
Pulse Generator produces groups of 
pulses which can be varied over a 
wide range of group rates and A. O-2pSEC 

numbers of pulses per group—ask B. 2OVOLTS +ve OR —ve 


for Data Sheet No. 1060. C. RISETIME ©-035p SEC 
e} O-2pSEC.TO 2SEC. CONTINUOUSLY VARIABLE * 5% * 0-02pSEC 
— 2Omv TOSOV +2% IN IISTEPS VARIABLE +ve OR — ve 


To get the best results G. APPROX.O-O4ySEC 


it ith NAGARD H RISETIME 1O-12mpSEC. 20mv TO 2v. S-SOV DEPENDENT ON LOAD 
use ws ba REPETITION RATE CONTINUOUSLY VARIABLE O1¢/s TO IMc/s% S% BY INTERNAL GENERATOR, 


OSCILLOSCOPE OR TO 25Mc/s BY EXTERNAL TRIGGER SOURCE. 






































NAGAR ] 18 AVENUE ROAD - BELMONT - SURREY 
Telephone: ViGilant 9161-2 
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Conpenser MicroPHoNE 


The Condenser Microphone Cartridges 
Type 4133 and 4134 feature: 

Sensilivity: Approx. 1. 4 mV/ubar (individ- 
ually calibrated) 

Free Field Response: Flat from 20 c/s 

to approx. 40 Kc/s (Type 4133) 
Pressure Response: Flat from 20 

c/s to 20 kc's (Type 4134) 

Dynamic Range: 32 db SPL to 

164 db SPL 

Smalimechanical dimens- 

ions, high stability, 

many accessories. 








The Microphone Cartridges Type 4133 and 
$134 are to be used in connection with the 
Cathode Foliowers Type 2614 and 2615. 
Among the accessories are: 

Small battery operated Pistonphone for pure 
tone calibration. 

Electrostatic Actuator. 

Thin Probes with calibration equipment 
included. 

Windscreens to reduce Influence of wind 
noise. 

Nose-Cones to protect the microphone during 
windtunnel measurements. 












































For further information phone or write to 











Adr.: NARUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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Industrif 




















The whole of Continental! Connectors’ UK production is now concentrated on Greenford. 
Production is rapidly growing, to keep pace with increasing demand. Continental’s research 
and development engineers are well under way, shaping present and future production 
to the needs of modern industry. 

Two recent events worthy of note are the adoption of the 0-1 and 0-2 inch pitch 
standards and the introduction of a new eight-way test-point connector. 

Keep an eye on Continental 


A full range of leaflets will be sent to you on request 


CONTINENTAL CONNECTORS LIMITED 
Associated with the Ultra Group of Companies 
Continental Connectors Ltd - Industrial Estate Long Drivé - Greenford - Middlesex - WAXlow 6721-7 
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STANDARD RANGE 





aa a 4 1 OF b- 1 [O] 
WIREWOUND 
ad ——) bi  O] Sk 


Resistors toany tolerance 
to + .1% © Special types 
to as low as 0.01% 0 High 


stability and low tempera- 
ture co-efficient, of course 0 
Resistance Standards 

too, with extended 
facilities and utterly 
dependable 0 Made by 
Rivlin through specialised 
experience, research and 


manufacturing techniques 0 





STANDARD RANGE iw to 53w; 
0.12 toSMS.. Tolerances to + 0.1% of 
nominal value or 0.018 whichever is 
greater. Terminals, solder lugs or 
wire leads Epoxy resin encapsulated. 


PLUG-IN svwtother ratings to order); 
50 to 200kR. Tolerances to + 0.1% 
of nominal value. Fitted gold plated 
phosphor bronze pins to fit Electro- 
Methods D.2 socket (other spacing to 
order). Tough resin encapsulated. 


PRINTED CIRCUIT jw (other rat- 
ings to order); 508 to 200k... Toler- 
ances to + 0.1% of nominal value. 
Fitted silver finished phosphor brenze 
pins to standard Printed Circuit 
Module. Tough resin encapsulated. 


TYPE 10 801 and 4801 

Four resistance ranges: 1k%, 10k2, 
100k. and 1 Meg, each available 
with sub-divisions of 10 equal parte, 
or four parts with choice of sub-divi- 
sions of either 1/10, 2/10, 3/10 and 4/10, 
or 1/10, 2/10, 2/10 and 5/10 of total 
value. 


Available accuracies: 1%, 0.1% and 
0.01%, Max. power dissipation : 1 watt 
per sub-division. Temperature co-effi- 
cient: + 0.002% per °C. 


OTHER TYPES INCLUDE 

SO1 Seven resistane ranges covering 
0.18. to 100k. Standard models: 4 and 
2 Terminal Accuracies: 0.1{, 1% and 
0.2% 1K. 1% and 0.1%; 1kK. to 100k, 
T%, 0.1% and 0.01%. 

SS2 Three resistances: 0.00012, 
225W ; 0.001Si, 22.5W; and O.01f, 
2.25W Available accuracies: 1% and 





Specify Rivlin;consult them whenever 


demands are extraordinary 


PRECISION 
RESISTANCE 
STANDARDS 
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TYPE 
10 So1 
&4801 


RIVLIN INSTRUMENTS LIMITED 

DOMAN ROAD - CAMBERLEY - SURREY 

Tel : Camberley 2507/8 - Grams : Riviectron Camberley 
London Office. Tel: Swiss Cottage 3038 
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a new range designed for industry 


TRANSISTORS 





Newmarket Transistors Limited 
Exning Road, Newmarket, Suffolk 
Tel: Newmarket 3381/4 Cables: Semicon Newmarket 


ELECTRONIC ENGINEERING 
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1 Switching V10/1S Jedec cased 
2 RF Jedec cased 
3 Diamond Power 


4 Intermediate Power 


The new range of Newmarket industrial 
transistors is specially designed for 
operating under the most rigorous 
industrial conditions where 
requirements exist for: 


Long life - Hard, stable characteristics 
Interchangeability - Ease of replacement 
Resistance to extreme conditions 

Proof against corrosion - Encapsulation 
in standard, preferred outlines 


These transistors are designed to comply 
with British Services specifications. 

Send for the data sheets of these 
transistors in a copy of ‘Semiconductor 
Device Data’, if you have not one already. 


Look for the gold top— 
the Newmarket Trade Mark 


TA as 
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NeW design 
MEDIUM POWER RECTIFIERS 


@ GREATER SERVICE LIFE 
@ IMPROVED STABILITY 
@ ANTI-TWIST FEATURES 


The established practice of continuously 
investigating the development of selenium rectifiers has 
resulted in the production of this new range of medium 
power rectifiers. 

These rectifiers incorporate a new process 
element, and to obtain the full advantages of this process 
WESTINGHOUSE have completely redesigned the mechanical 
construction of the units, resulting in a smaller rectifier 
for a given rectified output. 

Particular attention has also been paid 
to the tendency for elements to twist on their spindles 
where high acceleration and/or excessive vibrations are 
present. Incorporated in the new mechanical design are 
features which eliminate this trouble. 


For full details of this new range of rectifiers, please 
write to Dept.E.£.1 Rectifier Division, Unit Section. 


WESTINGHOUSE BRAKE AND SIGNAL CO. LTD - 82 YORK WAY - KINGS CROSS - LONDON Ni 
LA NN RTE EMRE 
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For further information 
write to: 


MULTI-SOCKET 
INDICATOR STRIP 


Simplifies indicator problems for the 
designer and the installation engineer. 


The new Thorn multi-socket indicators are ideal for use with computors and 
illuminated read-out devices. They are produced in strips of twelve sockets 
on both 4 or ? in. centres. Only one earth connection is required irrespective of 
the unit length employed. 

An Easy-mount single socket similar to the indicator strip is also available, and 
can be used separately or in conjunction with multi strip-socket. 

Lamps are available in 6, 12, or 28 volts, 35—45 mA; with a burning life of 
3,000—5,000 hours. Plastic nylon caps are obtainable in White, Red, Yellow or 
Green, these fit directly over the lamp and eliminate the need for prismatic jewels. 


THORN ELECTRICAL INDUSTRIES LIMITED 
Special Products Division (incorporating Components and Connectors), 
Great Cambridge Road, Enfield, Middlesex. ENFIELD 5353. 


prvia 
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ACCENT ON ACCURACY 
-..- AND SPEED 
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Developed for data processing applications at up to 110 characters per second in 5, 6, 7 or 8 
level binary permutation codes, the new TELETYPE BRPE 110 High Speed Punch offers 
vastly improved facilities at a cost compayable to that of earlier 60 character-per-second punches. 


Code Levelis 

The BRPE 110 sets are available for perforating 
5-level code in #-inch tape; or, 8-level code in l-inch 
tape. The latter may be readily re-adjusted for 


perforating 7-level or 6-level codes in §-inch tape. 


Magnetic Synchronising Mechanism 


A new magnetic synchroniser triggers the external 
signal storage, and has a simplified range adjustor 
to insure signal transfer at optimum point of 


operating cycle. 


Full technical data freely available 


Code Magnets 

Code magnets, which control the code perforating 
punch-pin mechanisms and the feed-tape mech- 
anism, are adjusted individually. 

“Low Tape” Warning Mechanism 

The tape reel on the BRPE 110 is equipped with a 
“low tape” warning mechanism which can be 
connected to external alarms. 

Manual Tape-Feed-Out 

Continuous blank tape may be fed out by manually 
depressing a feed-out lever. 


TELETYPE BRPE 110 /+figh speed tape punch 


COLES GREEN ROAD LONDON NW2 


@ 


TELEPHONE (,LADSTONE 5401/8 


Westrex Company Limited [A 


*The Westrex Company Limited is a Division of Litton Industries 
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Size 10 A.C. Motor. 


Satara mea, 


Precision 


Servo 


Components 


for missiles 


aircratt and automation 


Size 08 D.C. Motor. 


IN-LINE GEARHEADS. 
Low-inertia, low backlash pre- 
cision reductions gearheads in 
International frame sizes 10, Bee 
15 and 18, ratios up to 1000: 
Can be directly coupled to Snaee- 
national frame size ‘servo motors, 
synchros, potentiometers, etc. 


D.C. SERVO MOTORS. 


Miniature precision built ball® 
bearing motors with permanent 

magnet field. International frame 

sizes 07, O8, II, 1§ and 18 or 

*P’ series. All motors are reversible 

and can be used as generators. 


A.C. SERVO MOTORS. 


Precision-built, low inertia motors 
2-phase 400 c/s or 50 c/s in Inter- 
national frame sizes 07, 08, 10, 
11, 15 and 18. 


P.G. 800 GOVERNED 
MOTOR. 

P.800 D.C. Motor fitted with 
centrifugally operated governer. 
External power transistor circuit 
handles 97° of armature current. 


PG.800 D.C 


A.C. MOTOR 
TACHOGENERATORS 


Combined 2-phase servo motor 
and low inertia drag-cup generator, 
low residual voltage and gc 
linearity. International frame sizes 
10, 11, 15 and 15/18 


BREADBOARD 
COMPONENTS 


A wide range of standard supports, 
shafting, gears, differentials, etc., 
for bread-boarding servo systems. 
parts made from first-class 
materials and manufactured to close 
tolerances for case of assembly 


HIGH SPEED ROTARY 
SWITCHES. 

Up to 24 Switch wafers cither 
24 or 48 way can be fitted to a 
motor and gearhead drive. Scan- 
ning speeds up to 12,000 4: 
compact — low noise level 
and great reliability 


Split-Field, D.C. Tachogenerators 
Synchronous, Damped and Braked 
Motors also available 


Write or telephone for literature dealing with 
our erpanding range of Control Equipment 


We Tea petem (Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone SLOane 9656 





1 Nic/s 


Counter with 


in-line Readout 
for less than £350 
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New techniques enable Venner 


to offer a transistorized _. 
frequency and time 

measuring equipment 

with in-line readout 

at a lower cost than 

ever before. 


The treble-3-six is proof 
that Venner gives a high 
technical performance AND 


versatility at low cost. 


Frequency measurement to | Mc's. TYPE T.S.A 3336 
Multi-period measurement over | to 10’ cycles. 


Oven-controlled crystal. 





Six digit display. See it on Stand No. 19 at the 


Sampling times 0.1, 1.0 and 10 sec. Physical Society Exhibition 











Gated random pulse counting. 
Mains or battery operation. 


Light, compact and portable. 


KKK KKK KKK 


Venner proved performance packaged circuits throughout. 


VENNER ELECTRONICS LIMITED 
Kingston By-Pass, New Maiden, Surrey. MALden 2442 


JANUARY 1961 15 


ELECTRONIC ENGINEERING 





EE 29 020 for further details 


MUIRHEAD 


TECHNIQUE 


WELL 
READ 
THE 


WORLD 


The new MUIRHEAD abridged catalogue briefly describes the 
latest instruments in production and quotes the reference numbers 


oa T - ° = - - 
of the publications which more fully describe individual types. echnique published 


quarterly and available with- 
Send for your free issue today. out charge—gives news about 
the latest designs, develop- 
“TECHNIQUE” ments and applications of 

Muirhead ‘TECHNIQUE’ is a quarterly publication containing acme equipment. 
Z . ? “Technique” is received—and 

. nteres esigners. Are you on the mailing list / 

articles and news of interest tod "en Y g read —by over 20,000 people 
throughout the world. Write 


to us to-day and have 
M U J R H E A D your name placed on our 
mailing list. 
PRECISION ELECTRICAL INSTRUMENTS 
MUIRHEAD & CO. LIMITED, Beckenham, Kent. Tel: Beckenham 4888 (Ey) 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. Tel: 271— 3880 
17, N.Y., U.S.A. 
MUIRHEAD INSTRUMENTS INC., 44! Lexington Avenue, New York N MUIRHEAD & CO. LIMITED 


: Mur it 2-813! 
481 ae BECKENHAM.-KENT-ENGLAND 
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Your questions on High-speed Oscilloscopes 


| Emr vocmce | Is the E.H.T. high enough? 


It is futile to employ elegant circuitry to handle fast Transients 
if the waveform cannot be seen on the screen. Especially 
is this so when dealing with non-recurrent phenomena in 
which all the information must be presented in one sweep 
of the trace. 

The 20 kV E.H.T. voltage of the Airmec Oscilloscope 
Type 294 ensures useable brilliance even at the highest 
writing speeds. For slow-speed work, the E.H.T. may be 
switched to 10 kV, doubling the sensitivity of the instrument. 


Is the sensitivit 

SENS: “TIVITY high enough? ‘ 
With the advent of modern circuits employing semiconduc- 
tors and ferrites, signal levels in pulse circuits are becoming 
extremely low. Adequate sensitivity is necessary to give 
a useable trace height without the need for expensive pre- 
amplifiers. 

The sensitivity of the Airmec Oscilloscope Type 294 is 
25 mV/cm. at 10 kV E.H.T. and a calibrated step attenuator 
is fitted having an accuracy of + 3%. 


Is the frequency response 
BANDWIDTH wide cna sites 
To respond to all the Fourier components of a waveform, 
the high frequency response of the Y amplifier must be 
adequate, and d.c. coupling must be employed to prevent 
“droop”. 

By the use of distributed-amplifier techniques, the band- 
width of the Airmec Oscilloscope Type 294 extends from 
d.c. to 50 Mc/s (—3dB) with an “‘a.c.”’ position when rejection 
of the d.c. component of the input signal is required. 


answered by the 


TL ~ a 


A vertical amplifier having a rise-time comparable with that 
of the waveform under examination introduces distortion 
and reduces the accuracy of time measurement. 

The rise time of the Airmec Oscilloscope Type 294 is 
7 millimicroseconds, with no ringing or overshoot. 


A h 
SWEEP FACILITIES Vahinieah ie 


Not only must the available range of time base speeds be 
sufficient to cope with all classes of work, but they must be 
accurately calibrated. In addition, a controlled variable 
sweep delay, once considered a luxury, is becoming accepted 
as a necessity for examination of complex waveforms. 

The Airmec Oscilloscope Type 294 provides a total 
sweep range of 2 seconds/cm. to 5 millimicroseconds/cm. 
(at 10 kV E.H.T.) in calibrated steps with an accuracy of 

3% or better. An important feature is the ability to delay 
the main sweep a controllable amount by means of a second- 
ary sweep, which itself may be displayed on the screen. The 
main sweep appears as a “‘bright-up’’, its position depending 
on the setting of a calibrated delay control. Thus time 
measurements may be effected by traversing the main sweep 
along the trace. Moreover, at the turn of a switch, the 
delayed main sweep is displayed alone, at full screen 
width, thus expanding a selected portion of a complex 
waveform. (Expansions of over 1000 times are obtainable). 

Single shot operation of the main sweep is also provided, 
triggering being either manual or automatic. 


SYVCHRONMISING 


Particularly ina pulse oscilloscope it is essential that triggering 
be jitter-free and effective on all manner of signals. 

Both time bases of the Airmec Oscilloscope Type 294 
incorporate special trigger circuits and may be synchronised 
from internal or external sources, positive or negative going, 
or at 50 c/s. 


Is the rise time of the Y 
amplifier short enough? 


Is synchronising rock- 
steady on any signal ? 





CONVENIENCE 


Is the instrument easy to drive? 


Test equipment requiring extreme care and 
time-consuming adjustments hampers rather 
than assists research work. 

The Airmec Oscilloscope Type 294 has 
been designed for maximum operator con- 
venience with its logically-sited controls, 
beam position indicators, clean panel layout 
and built-in reliability. 














PRICE & OELIVERY 





Can you afford it and when can 
you get it? 





The price of what we confidently believe to 
be the finest Oscilloscope in the world is 
naturally alittle higher than that of run-of-the- 
mill instruments. At £1350 however the Os- 
cilloscope Type 294 is admitted by all who have 
used it to be superb value. Delivery at time 
of going to press is about 4 weeks. 


 ereeeruie | 


Is full descriptive literature available? 





Send for descriptive Leaflet No. 206A for a 
full specification. Better still either come and 
see the instrument for yourself at the Airmec 
Exhibition or ask for a demonstration at your 
own works. 


SEE ITA 








V.L.F. SIGNAL GENERATOR - 257 


A complete 
range of 


* 
Electronic | 3 —————— 


a 
Equipment We extend to you a cordial invitation to see our complete range of 


electronic equipment, including 


Measuring Instruments—Test Gear--Computers—lIndustrial Control 


at the Sth Equipment—-Machine Tool Control Equipment—Industrial Television etc. 


AIRMEC EXHIBITION 





slug ius I tJ 
LAMBETH 
BROGE 
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EXHIBITION 
(DENISON HOUSE) 





Please write or telephone for tickets to ;— 


AIRMEC LIMITED HIGH WYCOMBE BUCKS Tel: HIGH WYCOMBE 2501-7 
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. in this case up to | Mc/s. And the inside of the 
Advance time and frequency measuring counter type 
TCI is rather exceptional. Over 145 transistors and 21 
printed circuit boards have been combined in an ad- 
vanced design to provide the full facilities and high 
performance expected of a first-grade laboratory in- 
strument. 


Nett price in U.K. £375 





Leaflet MY 101 will be forwarded on request. 


SIX FIGURE DISPLAY accurate to +. 1 count 
FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
TIME MEASUREMENT from | 1 sec. to 2,777 hours 


% PERIOD MEASUREMENT | or 10 periods of input waveform 
down to 10 c/s 


RANDOM COUNTING totalling over any period 

OUTPUT TIMING PULSES from 10" to 10* p.p.s. 
INTERNAL STANDARD oven controlled 1 Mc/s crystal 
STABILITY + 1 part in 10* at 25°C 

SELF-CHECK FACILITIES to internal crystal standard 
FREQUENCY MEASURING PERIOD 0.1, 1.0 or 10.0 seconds 
REPETITION OF COUNT manual or automatic 

POWER CONSUMPTION 3W (battery). 14VA (mains) 
DIMENSIONS length 12 in., height 9 in., depth 6 in., weight 12 Ib. 





* AND ee to d.c. with V.L.F. 
Converter type C 








EXHIBITING AT PHYSICAL SOCIETY 
EXHIBITION STAND No. 86 


Advance COMPONENTS LIMITED 


ROEBUCK ROAD + HAINAULT © ILFORD * ESSEX © TELEPHONE ! HAINAULT 4446 IT/Ab 
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WIDEST RANGE... 


.. . Fastest service 


Virtually every type and value of resistor available can be supplied 
immediately—ex-stock—by The Radio Resistor Co. Ltd. 

High stability, solid carbon, cracked carbon, wirewound, precision 
metal oxide, epoxy resin resistors. Miniature and sub-miniature 
potentiometers. All are described in the illustrated stock book and 


price list issued free every alternate month on application. 





CARBON watts | OHMIC ice | TOLERANCES + 


Solid "o—'h 10—10M 5% 10% 20% 
| and 2 
Cracked Vao—l 1Q—10M 5% and 10% 
V. High Resistance 1/4—3 50M —1013 5% —25% 
*High Stability o—2 i—50M 05% 1% 2% 5% 
High Stability 
encapsulated in 
Epoxy Resin 4, 4, | 10Q—4-7M % 2% 5% 
Metal Oxide Precision Vy—2 100—4-2M a 20%, 5% 








WIREWOUND 
8. Vitreous 1—500 1—150K 1% 2% 5% 
3. Cemented w%y—I5 1—25K % and 10% 


*The ubiquitous blue (1%) grey (2%) ““HISTABS” 
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E RADIO RESISTOR CO. LTD. 


%I1 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDOX. Tei: 
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eo + Ce 
demands real 
refrigeration 
‘knowledge ° 


~2e call im 


ro) Kd 


Pe 
Biky i 


If you have a refrigeration problem to face, no matter how complex it may 
be, you will require expert advice and assistance in every stage from concept to 
completion. Call in Sterne, 


For nearly 100 years Sterne’s knowledge and experience of every aspect of industria 
and commercial refrigeration have been applied to problems both large and small— 
with highly satisfactory results. 


A Technical Advisory Service, backed by a nation-wide sales and after-sales service 
is freely available at all branches 


/ STERN E FOR EVERY ASPECT OF REFRIGERATION 


Wa a: RATION ~ L. STERNE & COMPANY LIMITED 
TEST < The Crown Iron Works, GLASGOW. Te/: DOUglas 6461 (10 limes). Telex No. 77300. 
Full Technical and service facilities available at the following branches : 


LONDON * LIVERPOOL * ABERDEEN * BRISTOL * BELFAST * CARDIFF - DERBY * HULL * NEWCASTLE ~ LEEDS 
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glove boxes 


Specification: General Purpose Glove Box: 


Fitted with Pressure Regulator, as supplied to 
A.E.R.E. 


Ss = Test requirement .05% of cubic capacity over a 

> period of one hour. 

3 Removable panels with de-contamination panel at 
far end; complete with sparge pipes, electrical 
and mechanical services. 


Specification: Standard MK. | Glove Box: 


Test requirement .15% of cubic capacity over a 
period of one hour. 


x 


ii, 

















LI NTOTT specialised fabrication 


Most engineers can produce plant—not all can handle the 
special purpose equipment required for the newer fields of 
industry. Lintott’s are equipped mentally and mechanically to 
collaborate with designers in the atomic energy and electronics 
industries. 


This results in realistic interpretation and production—evep on 
prototypes. You may need Lintott’s specialised services now or 
in the future. Why not contact them now and discuss with a 
Technical. Representative how Lintott’s can work for you. 
Single or quantity production—it makes no difference at 
Lintott’s. 


AYLING 


which includes 

Handling Tongs—various 
Lead Isotope Carriers 
Gas Circulation Equipment 
Safety Gates 


also 

General fabrication up to 
20 tons 
Electronic Control Panels 
and Cabinets 
Petro-Chemical Plant and 
Equipment 
Pattern making and 

Prototypes 


monis/ H. & E. LINTOTT LTD - HORSHAM ~- SUSSEX 


Telephone: Horsham 3316 
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DURIUM MASONRY DRILLS 


Durium Drills give sensational cutting 
performances in brick, tile, cement, 
slate etc. They are silent in operation 
and have quite exceptional long-service 
capacity for withstanding the abrasive 
action of masonry that so quickly ruins 
ordinary drills. Patented rapid-helix 
flute forces out spoil and prevents clog- 
ging. Refuse substitutes—only a genuine 
Rawlplug Durium gives such life and 
service. First resharpening FREE! 


For use in Wheelbrace or slow speed 
electric drill. 


17 sizes 5/32” to 1” cutting diameter and 
ll long series {” to 1” cutting diameter for 
up to 16” drilling length. 


DURIUM GLASS DRILLS 


For use in glass, china, vitrolite, 
pottery, etc. For use in wheelbrace or 
slow speed electric drill. 

9 sizes from }’ to 4” cutting diameter. 


RAWLCRETE CONCRETE DRILLS 


Designed for hole boring in concrete, hard brickwork and 
tiles with portable rotary action tools. Four to six cutting 
edges (depending on size)—if one should be damaged the 
remainder will go on cutting. Spoil automatically cleared 
away through cored shank and ejected via the slot. By 
adding extension rods to the Extension Type Rawlcrete 
Drill, any depth hole can be drilled. 26 sizes 4” up to 2’ 
cutting diameter. 








DURIUM TIPPED HAMMER DRILLS For percussion drilling in hard 


WRITE NOW 
for illustrated literature describing fully 
these and other Rawiplug high perform- 
ance drills and power tools. 
B702 
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materials such as Granite, Blue Bricks, Concrete etc., Durium Hammer Drills have 
avery much longer life than ordinary percussion drills. Can be used in most electric, 
and some types of pneumatic hammers. 13 sizes from 7/16” nominal drill diameter 
to 12”. 


OTHER RAWLPLUG PERCUSSION TOOLS These include hardened alloy 
steel Triform drills for use in Kango Hammers; special rods and tipped bits for 
use in any make of self-rotating Pneumatic Hammer with a 7” Hex. x 33” chuck, and 
a very wide range of Stardrills, Wall Boring Tools and Tubular Boring Tools. Full 
details on application. 

VIBRATORY TOOLS THE SPECIALLY DESIGNED Vibroto Drills put up spectacular 
performances in the drilling of concrete and other hard materials. They are manu- 
factured specially for use in the Rawlplug Vibroto Drilling Machine—a high-efficiency 
power tool which allows for a rotary and two vibratory actions (Light Rapid and 
Heavy Slow). 10 sizes 5/32” up to 23/32” cutting diameter. 


THE RAWLPLUG COMPANY LIMITED 


CROMWELL ROAD + LONDON : SW7 
P / Telephone: Fremantie 8111 (10 lines) - Telegrams: Rawiplug Southkens London 


The World's Largest Manufacturers of Fixing Devices. 
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Or 
-_ conductors 


Three types of tape designed to cover all electrical insulation 


work from class B upwards. 


Send now for further information 


quoting ref: HSA/241. 


PYROFLEX E Duractas Fy 


Pyrofiex Asbestos Listing Tape has 
been specially designed for the 
electrical industry. it is manufactured 
from carefully selected and purified 
fibres and has a wide application for 
Class B insulation. 


Duraglas giass-fibre tapes have many 
applications within the electrical 
insulation field such as conductor 
insulation, coil wrappings, core bind- 
ings, mechanical reinforcements, cable 
wrappings,and heat resistance 
Protective coverings. 


p.t.f.e. E} 


pt.f.e. has exceptionally good di- 
electric properties, is non-tracking, 
non-flammable, resistant to moisture 
and totally unaffected by weathering 
conditions. Asa result it has a wide 
application in the electrical industry 
in the form of tape for che insulation 
of cables, motors and transformers. 

















COVERING A[L_LL INSULATION REQUIREMENTS 


TURNER BROTHERS ASBESTOS CO. LTD - ROCHDALE - ENGLAND 


ELECTRONIC ENGINEERING 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 


© Tar 
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Both you and the racing driver 
would agree that all circuits 
have their own characteristics 
and problems.... 

but for you, when selecting a 
valve for all round: optimum 
performance .. 


better make it BRIMAR 


BRIMAR LIMITED - FOOTSCRAY SIDCUP. KENT FOOTSCRAY 333 BVA 








EE 29 028 for further details 


labia 


Instemmentatidn in Television 


Ernest Turner instrumentation at the BBC Television transmitter, London. 


Ernest Turner electrical measuring instruments represent the highest standards of design 
accuracy and workmanship. Clean lines, easily-read scales and attractive appearance 
combine with technical quality to present precision and industrial grade instrumentation 


in a wide variety of types, ranges and dimensions. 


Full details of all Ernest Turner instruments are given in Catalogue No. 85, available upon 


request. 


ELECTRICAL INSTRUMENTS LTD 
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
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Markem machines are used throughout 
the world to mark electrical and elec- 
tronic components of every description 
—at production speeds—with clear, du- 
rable imprints. Machines ranging from 
the small, hand-operated “Companion” 
to completely automatic high speed 
types are capable of handling products 
and packages of almost any size and 
shape. Printing elements are available 
for marking almost any surface — for 
production runs or for short runs with 
frequent imprint changes. And the 
wide choice of Markem specialty inks 
offers various drying characteristics 
and resistance to almost any environ- 
mental condition. Machines, printing 
elements, inks, supplies, plus competent 
advice and service —all are available 
from Markem, the complete source, 
with 49 years of experience in indus- 
trial marking. 


FROM MARKEM- 


EVERYTHING YOU 


NEED TO MARK ALL 


OF YOUR PRODUCTS 


AND PACKAGES 


Helping your product speak for itself 


MARKEM (U. K.) LIMITED 

24 Brownfields 

Welwyn Garden City, Herts, England 
MACHINEHANDEL H. RUSCHE 


Via Maartensdijk 
Hollandsche Rading, Holland 


HERE'S HOW TYPICAL MARKING NEEDS ARE MET BY MARKEM 


Model 146A — Marking Axial 
Lead Components with com- 
plete legends, including po- 
larity band. Prints neatly on 
curved, uneven or irregular 
surfaces. Can be adjusted 
quickly to different sizes 
of components. Production 
speed up to 3000 per hour. 
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Simultaneous 
Top and Side Marking as well 
as date coding of transis- 
tors, similar cylindrical com- 
ponents with base leads. 
Hopper-fed machine auto- 
matically prints and ejects 
up to 3000 per hour. 


Mode! 148A — Completely 
Automatic Marking of all 
types of surfaces — flat, 
curved, corrugated, irreg- 
ular, etc. — without hand 
rolling or pressing. May be 
mounted for automatic in- 
line marking of objects may 
be hand fed to adjustable 
work table. Average produc- 
tion 2100 to 3100 per hour. 


25 


Model 639A — Color Banding 
of diodes, resistors, capac- 
itors, similar axial lead 
cylindrical components up 
to 4800 per hour. Up to 6 
colors simultaneously, or 
5 color bands plus typo- 
graphical marking. Color, 
band width, spacing easily 
changed 


Write for this 12-page cat- 
alog of Markem machines 
and related equipment tor 
the electrical and electron- 
ics industries. Complete 
specification sheets are 
also available for individual 
machines. 


ELECTRONIC ENGINEERING 





EE 29 030 for further details 


micro-signal 


CHOPPER 


B 5 Be 


alternative coll/contact 
terminations 


One of the biggest problems which beset circuit engineers engaged in the design of 
dc/dc or dc/ac amplifiers is the annoying presence of electrical noise, particularly when 
handling low-power signals. The need for components with low inherent noise levels 
is vital and largely determines the ultimate efficiency of the amplifier. 


The Type D micro-signal chopper developed from our earlier designs is not only 
capable of handling minute signals (as low as |10uV) but offers the designer greater 
layout flexibility by providing a choice of five different coil/contact terminations. This, 
it will be appreciated is a most important feature when considering lead length 
to components. 


Life of the new chopper is in excess of 2,000 hours and can be prolonged by periodic 
contact trim. 


If you are ‘‘noise-embarrassed'’—-write for details of the Type D to:— 


TECHNICAL SERVICES DEPT 


ELECTROMECHANICAL DIVISION 


[ae oe & Oe F_ 7 OR. BEESTON - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN'S INN FIELDS LONDON W.C.2 
ER.I4 
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LARGE 
KLYSTRONS 


The range of Klystrons manufactured by the 
ENGLISH ELECTRIC VALVE CO. LTD 
includes units of exceptional power. 

K347 is a three cavity pulsed Klystron capable of 
mechanical tuning over a band §80 to 615 Mc/s. 
It has a gain greater than 30 db and is 

capable of peak power outputs in excess 

of 500 kW. 

K352 is also a three cavity pulsed Klystron * ‘ 
for operation at a frequency in the region 

of 2998 Mc/s. It can deliver a peak R.F. output 
of 6 MW and the power gain is greater than 32 db. 
4KM50,000LA is a four cavity CW 
Klystron for use in the band 400 to 610 Mc/s. 
The power output is not less than 10 kW with 

a gain of s0 db. This Klystron is manufactured by 
arrangement with Eitel McCullough Inc., U.S.A. 
All the above Klystrons are magnetically focused. 


Full technical information on all types of 
ENGLISH ELECTRIC Kilystrons will be forwarded on request. 


4KM50,000LA 


“ENGLISH ELECTRIC’ 


AGENTS THROUGHOUT THE WORLD 





ee —— pi Chelmsford, England 
ENGLISH’ ELECTRIC VALVE (0. LTD. | fasion: Cea oe 


AP 157 
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TRANSISTOR Converters and Inverters 


for fluorescent lighting and general applications. 
The range of operating voltages, powers and frequencies 


is under steady development. 


Inverters for fluorescent lighting from 12 volt d.c. supplies cover the 
. ” * ” ° 
range from a single 6 tube to six 24° tubes or equivalent. 


Inverters for 12v. d.c. to 50 c/s or 400 c/s a.c. up to 100 W. 


Constant frequency and locked frequency inverters for camera 
and tape recorder operation. 


Inverter-rectifier systems for d.c. to a.c. conversion, 








TRANSISTOR Controller 


Magnetic amplifier intermediate stage, saturable reactor 


power stage. A temperature controller for use with a platinum 
resistance thermometer to provide power control 


up to 60 KW 3-phase. No mechanical switches. UGS * LEVER HEVS » CANES 
FUSE MOUNTINGS - AMPLIFIERS 


Constant current characteristic for platinum furnaces. CONTROL PANELS - MOULDINGS 
COUNTERS - PLUNGER SWITCHES 
MAGNETIC AMPLIFIERS - RELAYS 
SATURABLE REACTORS - JACKS 


TRANSFORMERS - INSTRUMENTS 


THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED, “cs nema imamones 
THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 — ANSisTOR mvenrers ° seus 


PROTECTORS - WIRES - BUZZERS 
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aa ill A 
‘6080 WA 


We can 

get you out 
of a series of 
stabiliser 
problems 





with this XG = \ G.E.C. valve 


At the PHYSICAL SOCIETY EXHIBITION, 6080 W A 
Horticultural Halls, January 16 to 20, we f Maximum anode voltage --250¥ 
are offering solutions to many valve problems. Mastmom enthedocmwest = =—« #5 SBA 





: . ) ' 280 + 268: 
The new low impedance double triode shown SY ‘a ; 
The full range of 


here, for instance, could get you out of a series stabilisers cover these voltages 
series of stabiliser problems. 80 mA at 250V to 1-5A at 2kV 








Please write to: 


THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
A Subsidiary of The General Electric Co Ltd 
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Electron gun, filament and bias supply 
Input 200/250 volts, single phase. 
Output 4 to 50 kV. at o-25 mA. Positive grounded. 
Regulation better than 0-5%,, zero to full load. 
Stability better than 0-02%, mains variation +7%. 
Ripple less than 1 part in 10* at 50 kV. 
Filament output 6 volts at 3 amps. max., stabilised to 1%. 
Output impedence 0-6 ohms. 
Bias supply 22-step high stability potentiometer (both isolated 
for 50 kV. working). 
Metering voltage and current metered with E.T. Model 705. 
Presentation 4’ instrument rack. 


Current stabilised lens supplies 

Input 200/250 volts, single phase. 

Output two separate supplies for objective and condenser lenses of 
10 to 160 mA. into 600 ohms load, fitted with coarse and fine controls. 
Stability 1 part in 10‘ over 15 minutes. 

Presentation 19” x 104” P.O. panel for rack mounting. 


Scintillation and proportional counter supply 

Input 200/250 volts, single phase. 

Output 2-2 kV. at 3 mA. 

Stability better than 0-1% for +.7°%, mains change. 

Effective resistance less than 1000 ohms. 

Ripple less than 12 mV. peak to peak. 

Long-term drift less than 0-1°%, over 24 hours. 

Metering input to potentiometers monitered by E.T. Model 703. 
Potentiometers two fitted, giving outputs 500 volts to 2 kV. with 
coarse and fine controls. 

Construction 19” <7” P.O. panel, enclosed for rack mounting or 
bench use. 





5, 10, 20 and 30 kilovolt regulated supply 

Type So530 

Output 1 to rokV. at 2 mA. Model A 2 to 20 kV. at 1 mA. Model B. 
3 to 30 kV. at } mA. Model C s00V. to § kV. at 2 mA. Model D. 
Input 200/250 volts, 50 cycles. 

Polarity positive or negative grounded available. 

Regulation against full load: better than 0-5",,. 

Against mains variations +7°%, better than 1°. 

@ 5° Ernest Turner movement. 

@ current metering jack. 

@ standard 19” x 104” P.O. panel, for rack mounting or bench use. 


{1 3 5 ex-works 


Models A, B and C co be supplied with reversible output polarity at £165 





50 kilovolt regulated supply 

Type MR5oR 

Output 5 kV. to so kV. at 1 mA. 

Input 200/250 volts. 

Polarity reversible. 

Regulation against full load: better than 1°,. 
Against mains variations: +5°%, —5%, better than 1° 
Dimensions W: 24” H: 23” D: 15”. 


£24 5 ex-works 





Brochure on request 

For further specifications of the Brandenburg range of equipment, please write for brochure. 
Brandenburg Limited 

139 Sanderstead Road, South Croydon, Surrey. Sanderstead 3555-6 


Prices quoted are for U.K. only 
Export enquiries to: Applied Research (Instruments) Ltd., Emefco House, Reigate, Surrey, England. 
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Chosen for the most advanced equipment .. . 


Brandenburg Limited manufacture all the Power Supplies for the Scanning X-ray Microanalyser 
~a revolution in metallurgical analysis-made by the Cambridge Instrument Company Limited. 
The Brandenburg equipment includes: a 50 kV. highly stable electron gun supply with a regulated 
transistorised filament and variable bias supply, both working at 50 kV. A current-stabilised lens 
supply, with double output. A variable twin-output 2.2 kV., counter supply. And a composite 
regulated H.T. power pack. 


regulated 


POWER 
SUPPLIES 


Brandenburg 
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Texas Instruments Limited use NASHTON Flash Testers, 
AC/DC Valve Voitmeters, DC Valve Voltmeters; 
Microammeters, Sensitive Valve Voltmeters, 

1A and 0.5A Power Supplies. 

You may also need NASHTON Ohmmeters, RCC Bridges, 
Shorted Turn Detectors, Universal DC Meters, Transistor 
Testers and Oscillators, Preferred Value R & C Boxes, 

LF Quadrature Oscillators. 


Would you like to receive a catalogue? 
if so, please write or telephone now. 


Nash and Thompson 


Limited 
Hook Rise South, Surbiton, Surrey 
Telephone : ELMbridge 5252 
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NASHTON instruments not only 
give you accuracy at a reasonable price 
but are designed for ease and simplicity 


of use, for rapid mistake-free 
repetitive readings. The Texas 
Quality Assurance Department uses 
no less than five different 
NASHTON models. 

For there’s a wide range — 

a family -—of NASHTON’S — 
measuring instruments, 

test instruments 

power supply units — 

all highly rationalised, all of modular 
design, all miniaturised, 

all economically engineered 
according to the NASHTON philosophy. 


Send for technical literature and 

see the extent of the NASHTON range - 
examine the specifications—and 

see how NASHTON economic 
engineering brings down the price 

Let NASHTON instruments make 
their contribution to your quality 


and to your economic engineering 
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26101 - 26102 2G110 
100 Mc/s amplifier - 200 Mc/s amplifier V.H.F. Medium Power ‘Mesa’ 


V.H.F. ‘Mesa’ 150 mW @ 100 Me/s 


263501 - 26302 - 26303 
263504 - 26306 


R.F. & Computer Alloy Junction 
Up to 25\ 
f, (min) 3,7 & 12 Me/s 








2N711 
High Speed Computer Switch High Frequency Power 


10 Me/s saturating switch Ic =3A Vecp = 80V 


2G103 - 2G104 f, = 15 Me/s (min) 


Special purpose versions of 2N711 


J} | fete), me) a {lei = 


2N456 - 2N457 - 2N458 
Power (5A) 


Up to 80V 
Bp 30-90 @ SA 


Data Sheets and Application Information are available on all TEXAS semiconductor devices, which include : 


PNP Germanium Transistors Computer: U.H.F-Power 


PNP & NPN Silicon Transistors 


Skicon Zener Voltage Regulators Switching - Signal - U.H.F - Power 


Silicon Rectifiers & Diodes 
High Voltage - Signal - Computer. Photo - Zener 


Silicon Controlied Rectifiers 
Gallium Arsenide Tunnel Diodes 


TEXAS ° INSTRUMENTS 


Kj (Mire oO 


DALLAS ROAD - BEDFORD - ENGLAND 


BEDFORD 68051 - CABLES : TEXINLIM, BEDFORD 


9I/A39 
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The high quality of Brush products now goes hand in 
glove with quantity production. Gloves are available in a 
seemingly endless variety—so are Brush semiconductors. 
Brush, now backed by Clevite, Shockley and Intermetall 
research, offers the widest range of semiconductor devices 
in the country. 

Brush quality fits in with your own high standards, while 


Brush quantity fits in with your production programme. 


Write or’phone to Semiconductor 
Division, Brush Crystal Co. Ltd. 





Outstanding among Brush products are 
the diodes and rectifiers, especially the 
zener diodes, which are unique. 

They have the following features 

*™ Sharp breakdown characteristics 
SEMICONDUCTORS % Low dynamic resistance 

*% Wide voltage range 

* Good power handling capacity 

* High mechanical strength 

* Unique temperature coefficients 











HY THE - SOUTHAMPTON: HANTS: Phone: HYTHE 3031 


ELECTRONIC ENGINEERING 34 JANUARY 1961 





EE 29 037 for further details 


mpsec switching 


SILICON MESA COMPUTER DIODES 








HIGH maximum average rectified forward current (75mA) 

LOW maximum capacitance (2pF for 18916 at zero bias) 

HIGH minimum forward conductance (10mA at 1 volt) 

MAXIMUM reliability (‘mesa’ construction ) EO 


Designed primarily for use in computer circuitry, Texas 18914 and 18916 are the fastest high-voltage 
diodes available today. More than that, with 75V p.i.v. ratings they afford greater design safety. High 
rectification efficiency (45% at 100 Mc/s) and an operating temperature range from -65°C to +-150°C 
are further features. 


Write or telephone for price and delivery details NOW ! 


Oo 


TEXAS INSTRUMENTS 


Liniw?rtr& oD 


DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 6805! CABLES: TEXINLIM: BEDFORD $x) ,.,., 
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Sremens-Lidiswan 60-amp 
Input Junction Box moulded 
in D MC in four parts 

by AE]. ( Aldridge) ltd 


~(MORPHY-RIcHARDS) 


J 
Good-lookine grille on Morphy-Richards 


an Heater is a moulding by Crystalate 
( Mouldings) Ltd. in a special“ thin fash” 
orade (1..1834) of Beetle DMC, 


Wolf“ Safetymaster”’ 
Power Tool. D MTC 


10K du 


Beetle Polyester D MC is equally outstanding for its clectrie sulati 


vide double insulatie 


and anti-track properties as for its high heat resistance a d mechanical 
strength. That’s why it is unbeatable for high-duty applications, of which 
the examples shown are typical. D MC is economical because tt ts fast 


curing and simple to mould under low pressure in conventional compress 


ion and transfer presses. Compatibility with metals and dimensional 
stability are above normal for thermosetting materials. 

Two glass-filled types are available: Type A for general purpose and 
electrical components ; Type B, a self-extinguishing material. Also Type 


C, an economical sisal filled compound. Write for full details 


BEETLE* 
Polyester dough mmoulding Compound 


ppp) B.1.P. Chemicals Limited, Oldbury, Birmingham. Phone: BROadwell 2061 
GI) London Office: Haymarket House, 28 Haymarket, S.W.1. Phone TRAfaigar 3121 
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1939-1960 


From very small beginnings, Hivac has grown to a company large enough to 
maintain the highest technical standards for subminiature valves, cold 
cathode tubes, numicators, neon indicator lamps, filamentary indicator lamps 


for telephone switchboards and other purposes; and a variety of small, 


specialised electronic components. The first company in the world to design 
and manufacture subminiature valves, Hivac now occupies one of the most : 
modern electronics factories in the world. Yet Hivac still remain small enough 


to maintain a close and personal customer service which is second to none. 


HIVAC LIMITED 


STONEFIELD WAY - SOUTH RUISLIP - MIDDLESEX - VIKING 1288 
A member of the A.T. & E. group 
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SINGLE OR 
DOUBLE 
RECTANGULAR 
PULSES FROM 
THE NEW 


4 ie. Be aa 


/ . : \ 
{ : me } : 
\ a te a } 


\ Me at + 


- 


DECADE PULSE 


GENERATOR 
GO 1008 


Decade Controls 

Repetition frequency 10 c/s—1 Mc/s 
Variable DELAY, PULSE DURATION 
and PULSE AMPLITUDE 

Prepulse and Delayed Prepulse 
Single Shot facility 

External trigger up to 2 Mc/s 


The extremely versatile Solartron Decade 
Pulse Generator GO 1005 provides single or 
double rectangular pulses of up to 100 volts 
amplitude, monitored by a built-in meter, at 
repetition rates from 10 c/s to 1 Mc/s. 

The desired output conditions are easily and 
accurately set with illuminated concentric 
decade dials, permitting both coarse and fine 
adjustments of pulse-duration, repetition 
rate and pulse-delay. Extensive delay facilities 
are incorporated in the GO 1005 and trigger- 
ing may be internal or external up to 2 Mc/s. 
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GO 1005 OUTPUT PULSE 
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—- « fixed delay (approx. 250 msSec) 
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SPECIFICATION 


Repetition frequency: 10c/s—1 Mc/s (calibrated as 
repetition time 1 uwsec—10° 
usecs), continuously variable. 

Frequency accuracy : 5% from 10 c/s—100 kc/s, 
10% outside these limits. 

Pulse duration: 250 musec—100 msecs, accurate 
to + 5% continuously variable. 
(Minimum pulse width 200 myusecs). 

Pulse amplitude: 0—100V, accurate to + 3%; 
continuously variable. 
Polarity: —ve going from earth 
potential or +ve to earth 
potential. 
Rise time: 20, 30, 60, 200 musecs for 

(-ve pulse) amplitude ranges 0—3, 10, 30, 
100 volts respectively. 

Double pulses: Two identical main pulses, 
leading edge of the first 
coincides with prepulse. 

Delay time: (relative to Prepulse) 250 musec 
—100 msecs, to + 5% 
accuracy, continuously variable. 

Prepulse: 10V amplitude (+veor—ve), 
150 musecs. duration. 

Delayed Prepulse: Fixed delay of « 250 musecs 
after the Prepulse. (polarity 
same as prepulse). 

Triggering: Internal or external (up to 2 Mc/s) 
with trigger level control to 
select trigger point. Single shot 
facility. 


Write now for full details to: 


SOLARTRON LABORATORY INSTRUMENTS LTD. 

Cox Lane, Chessington, Surrey. 

Telephone: LOWer Hook 2150 Cables: SOLARTRON CHESSINGTON 

Telex: 23842 SOLARTRON T.DIT. Jy A Member of the Firth Cleveland Group 
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| Plessey 


TELECOMMUNICATIONS 
‘direct the attack’ 


Plessey is everywhere you'll find .. . in the Armoured Brigades of the British 
Army, for example, where Plessey VHF transmitters, receivers and power 
packs are standard equipment, and in similar formations in the Australian, 
New Zealand, South African; Canadian and other NATO Armies. 


Plessey military VHF communication is completely dependable and remarkably flexible 
giving instant, no-netting selection of desired frequency and exceptional clarity — to assure 
voice recognition and authenticity under the most exacting conditions of mobile warfare. 

Behind this achievement are the extensive prototype and quantity manufacturing resources 
of the Telecommunications Division, inspired by the work of a unique research and develop- 
ment organisation. The Company recognises the need to segregate advanced thinking from the 
hustle and distraction of the factory. Accordingly, in addition to the Group Research 
Laboratories at Roke Manor and other specialised research centres already existing in the 
U.K., extremely well equipped laboratories have recently been established at West Leigh for 
advanced telecommunications studies. 

In these establishments, the next generation of telecommunications equipment is already 
taking shape. 

in close support at all times are the complete resources of the Plessey Group of Companies 
which include unrivalled tool making and machining facilities, a full range of environmental 
testing and production laboratories, and the service of the materials laboratories at Caswell. 


TELECOMMUNICATIONS DIVISION - ELECTRONIC & EQUIPMENT GROUP 
THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX - Telephone: ILFORD 3040 
Overseas Sales Organisation + Plessey International Limited - Ilford - Essex - England #rTp2 
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GERMANIUM 
POWER 
TRANSISTORS 


are best selected from this chart 


— then you should contact the MULLARD technical information 
service, who will give you all the data you need to confirm 


your choice. 
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semiconductors 
for industry 
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OC 22 23 24 1A 

















Here is a guide to recommended applications: 


* OC22 for high quality industrial audio 

* OC23 for ferrite memory core drive 

*& OC24 for r.f. power applications 

* OC28 for d.c. converters (24V version) 

* OC29 for extra high gain 

* OC35 for general purpose, low cost application 

* OC36 for general purpose, high power audio and d.c. converters 
(12V version) 


SEMICONDUCTOR DIVISION, 
Mullard Limited, Mullard House, Torrington Place, London, W.C.1. Phone: LANgham 6633 
FP) M1S27 
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For Accurate Calibration 
of Level Meters 


SENDING LEVEL STANDARD 


ad 


Expanded scale 
for +1% change 
in output level 


(4 size) 


D-C to 15 Mc 

ACCURATE 
RMS-READING 
EASY 70 OPERATE 


The Sending Level Standard is a high-precision instrument for accurate calibration of level meters 
and measurement of their frequency responses. 








= - / Output Levels Accuracy 


_SIGRAL eos LeveL 0 dB/0.274 V=274 mV 0.5% from | ke to | Mc 
~9 dB/0.775 V=275 mV 1% at d-c and from 

Typical set-up for calibration of a -| N/0.775 V=285 mV 10 cps to 15 Mc. 

level meter at low levels. Accurate across a 75 ohm load or 1% accuracy up to 25Mc 

measurement of the level meter open-circuit. with 75 ohm termination 




















frequency response is conveniently 
made by keeping the level meter 
indication constant and using the 
incremental facility of the Type 
SNNI to read small variations in the 
output level. 


Output impedance Battery operated 


75 and 37.5 ohms de- 

pending on the mode ; 

of operation. RMS-Reading 

Input Impedance 
75 ohms Overload protected 





Write for 
aiintiaiiiniaas RADIONETER 


72 Emdrupvej, Copenhagen NV, Denmark 


Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.19 


s$siseiet 
ePSssseee: 
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established success 


| Plessey | 








eT. 


= = a 
= —— mes 
a 


a 


Registered Trade Mark 





> connectors 


* 2 kV r.m.s. all contacts 

* —65°C to + 190°C working 

* 30 p.s.i. pressure seal 

* 180 contact arrangements 

* Climatic proof 

* Waterproof 

* Shock proof 

* Vibration proof 

* Crimped connections 

« Fireproof and hermetically 
sealed types 


* Interchangeable with 
A.N. or M.S. connectors 


Wiring and Connectors Division 
THE PLESSEY COMPANY LIMITED 


Cheney Manor - Swindon - Wilts - Swindon 6251 


Overseas Sales Organisation : 
Plessey International Limited - Ilford - Essex 
ford 3040 


PP Cwiila 
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a Twitterton! Is this really 


FORMICA?” 


Yes, this is Formica Industrial Laminate. 
Here it is used in a capacitor for power 
factor correction made by British Insulated 
Callender’s Cables Limited. Only tough, light 
Formica Industrial laminate passed the rigid 
tests imposed by the manufacturers. A big asset 
is that it can be machined to very fine tolerances, 
as well as possessing the high insulating properties 
required, And, of course, all Formica Industrial 
laminates have an enviable reputation for giving years 
of trouble-free service. 
Twitterton’s friend, by the way is enjoying a new pastime— 
guessing how many unusual things nowadays contain 
Formica laminates, You may like to try it yourself, 


and then write to Formica Limited for the latest facts! 


DECORATIVE LAMINATES 
EXTRUDED PLASTICS 
INDUSTRIAL LAMINATES 


CHAIR SETS 


For full information on any FORMICA product, please write to 
* Formica Limited, De La Rue House, 84-86 Regent Street, London, W.1, Tel: Regent 8020 


*FORMICA is @ registered trade mark 
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the ULTIMATE in radio 
frequency connectors... 


OVER 200 
TYPES AVAILABLE! 





* 


fe ae 1O.tro 


138A CROMWELL ROAD LONDON SW7. Telephone: FREmantle 4421 (P.B.X.) 


~1, 
bm adiate Welivenies from $00Ck gon cate 101g 070 TRANSRAWIO SERVICE! 
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K co-AXx cables 
Airflex cables 


RG cables 
Minicables 


X ULTRA Low 


CAPACITANCE & ATTENUATION 


58 STOCK TYPES = 4) 
for your pe Pos [on oa 
standard or special “psa i] ae 
applications 


ANISRADIO trop 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 


phot Hhte+Y $taV0CC - att bY Vly tfy TRAN SRADAO SERVIEL ! 
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Germanium PNP Alloy Type TRANSISTORS 


2826 For Audio Frequency Power Amplification 2SB56 For Audio Frequency Power Amplifier Service 


2845 For intermediate Frequency Amplifier Service 2SB189 For Medium Power Output Service 


2852 Converter Service Germanium PNP Alloy Type DRIFT TRANSISTORS 
2SA49 Intermediate F ncy Amplifier S : 
iate Frequency piitier service 2SA5S7__— For High Frequency Amplifier Service 
2 
SA50 Switching Purpose 2SA58 For High Frequency Amplifier Service 
2SA52 Converter Service 2SA59 For High Frequency Amplifier Service 


2SA53 intermediate Frequency Amplifier Service 2SA60 For Converter Service 





25826 Audio Frequency Power Amplification 2SA92_— For Local Oscillator Service 


Soshiba For complete information, write to 
TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan 


2SB47 Low Noise Factor with Audio Frequency Amplifier 2SA93 _—s For Mixer Services 
q 


28854 ~=For Low Frequency Amplifier Service 2SA175 For High Frequency Amplifier Service 
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IMPORTANT NOTICE 





To all users of tape 


Don’t let the others put a spoke in your reel! 
Emitape is easily recognisable on its 4-spoke reel. 
But be warned. Emitape is not now the onlyrecording 
tape sold ona 4-spoke reel. To avoid disappointment 


in your recordings make sure your tape is Emitape. 


| oye): 
for the name 
EMITAPE  _ Emitape 
on your 


y y 4-spoke reel 
/ 


A a 
es ” 
Lae 


We yen 
EMI’ EMITAPE DIVISION: E.M.I.SALES & SERVICE LIMITED ‘ HAYES ‘ MIDDLESEX 
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This new counter is fast, 
compact, reliable-costs less 


Series F.43 magnetic counters 


will operate up to 
3,000 counts per minute 


— are reliability proved over 


400 million operations and, 


even with electrical reset, 
are smaller than 
most counters 


of comparable performance. 


Unequalled electrical and mechanical 
flexibility is now available at a price 
competitive with lower performance 
counters. Six digit indication, optional 
pushbutton or electrical reset and a 
wide selection of preferred operating 


voltages minimise application problems. 


Compact size, plug-in diecast construc- 


tion, socket-box dovetailing design and 
flush 


installation 


accessories such as_ optional 
mounting frame simplify 
and offer unequalled flexibility for 
individual or multiple installations in 


desks, panels and mimic diagrams. 





Flexibility shown by plug-in flush mounting and dovetailed stack 





The Hengstler Series F.43 electro-magnetic counter (patents pending) is marufactured in Western Germany by J. Hengstler K.G., Sole agents for this counter in the U.K. are 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


co. RUGELEY - 


STAFFORDSHIRE - 


M we: Industries Group 


ENGLAND 


Manutacturers of the world's widest range of industrial electronic control equipment 
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C H A P M A N U L T R A $ 0 N | C $ L T D Member of the Derritron Group 


Using advanced design technique the Chapman 1Kw Amplifier 
is unconditionally stable and will deliver a power output of 1Kw 
continuous sine wave 


A number of these amplifiers can be used with series-connected 
outputs when a multiple of the power unit is required. Two or 
three can be employed to provide a 3-phase output. Hinged ONE KILOWATT 
side and rear doors provide extremely easy access to all com- 


ponents and wiring; all the valves are accessible from the front 
of the rack behind a removable grille. Adequate protective 


devices are incorporated in the various circuits AUDIO FREQUENCY 


SPECIFICATION 


Maximum Power Output: |,000 watts | AM PLIFIER 


Frequency Range: 40-!2,000 c's (LF version available 5-3,500c s) 

Output Voltage: 25, 50 or !00v. 

Output Impedance: 0.625 ohms, 2.5 ohms, or 10 ohms 

Total Harmonic Distortion at | Kw and 1,000 c.p.s.: |‘ 

Sensitivity: 100 mv into 600 ohms for | Kw output 

Mains Supply: 200 250v at 50 60 c.p.s. 

Dimensions: A fully enclosed 5 ft. high metal cabinet with 

hinged side and rear doors measuring 244” « 20” deep 

Finish: Silver Black Hammertone 

Valves Used: ECC83, 2 « EL84, 4 EL34, 2. TY3-250, 2» GZ34, 4. RRS-250 


‘—<_sse eS eS Se ee ee KK KK OK KK KK KK KK KC Pe ee ee et 


DORAN INSTRUMENT CO. LTD 


Member of the Derritron Group 


PORTABLE 
WHEATSTONE BRIDGE 


This is an extremely accurate and portable instrument, 
operating from internal dry battery. 

Special provision is made so that external batteries 
and galvanometer can be employed when required. 
This portable Wheatstone Bridge can be used, 
without modification, for the accurate location of cable 
faults by the Murray and Varley Loop Tests. 

An additional feature is the availability of the 
adjustable resistance arm for use as a 4-dial 

decade resistance box. 

Available in a bakelite case if preferred, instead 

of teak as shown in the illustration. 


Dimensions : 11)" x 7}" x 6}" Weight : 1ohlb. 


BEME TELECOMMUNICATIONS LTD - CHAPMAN ULTRASONICS LTD 


DORAN INSTRUMENT CO. LTD L.S$.B. COMPONENTS LTD RESLOSOUND LTD 





sales enquiries for all companies : 24 Upper Brook Street, Mayfair, London, W.|. selephone: Hyde Park 2291 





DaléltE 
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‘‘SCALAMP”’ DOUBLE- 
REFLECTION GALVANOMETERS 


Combining robustness with 
sensitivity, this new range of 
four instruments employs a 
unjque optical lever system 
which is fitted to the familiar 
“Scalamp” taut suspension 
unit and exactly doubles its 
sensitivity. There are now 
TWELVE different 
“Scalamp” Galvanometers, 
each containing the numer- 
ousconvenient features which 
have proved so popular. 


af 


Cat. No. 7901/T to 7904/T 








‘‘SCALAMP’’ THERMOCOUPLE GALVANOMETER 


An accurate and speedy means of measuring temperature, 
using Copper/Advance thermocouples of up to 3500 resistance. 
Direct reading is possible due to reliable automatic cold junc- 
tion compensation. Ranges 0—150°C and 0—300°C. Accuracy 
+ 2%. Thermocouple kit is included. 


Cat. No. 7840 





“SCALAMP’’ MEGOHM-PER-VOLT D.C. VOLTMETER 


A portable instrument giving all the advantages of a sensitive 
valve voltmeter but without zero drift. Ten ranges give full 
scale readings of 10mV, 30mV, 100mV, 300mV, IV, 3V, 
10V, 30V, 100V and 300V. Full scale current drain only | pA. 


Cat. No. 11320 





40kV ELECTROSTATIC ‘*SCALAMP’’ ELECTROSTATIC 
VOLTMETER VOLTMETERS 


Direct reading up Three instruments 
to 40kV d.c. or  withrangesof | to 
rm.s. a.c. regard- 5,3 to 10 and 5to 
less of waveform. isk baron Lys , 
Negligible leak- {05 3,19 10 and 
age. Rapid re- a.c. Negligible 


sponse. Accuracy jeakage. Accuracy 
° 


2° 
& /o 


Cat. No. 11314 





Granta Works, P.O. Box 60, Cambridge, England. 


rc & /o 


Cat. No. 11308 to 11310 


SCIE nT1F1e() (AmstRUMENTS 


W. G. PYE & CO. LTD. 


Tel: Cambridge 5441! (5 lines). 
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Accurate, remote measure- 
ment extends dramatically 
the application of bridge tech- 
niques. 


Measurement of the individual compon- 
ents of complex impedances to an 
accuracy of +0.25°%, without removing 
them from circuit, coupled with facilities 
for two, three and four terminal 
measurement, enable the Universal 
Bridge B.221 to be put to an almost 
limitless range of general industrial use. 
The instrument will establish the charac- 
teristics of components and of circuits 

further, special adaptors are available to 
cover the measurement of liquid conduc- 
tivity, dielectric constants of solids and 
liquids, dry joints, switch contact resist- 
ance, circuit strays, boundary layer im- 
pedance of liquids, permittivity and loss 
factor of solids and liquids—and dielec- 
tric properties of liquids in test tubes. 


THE WAYNE KERR 
LABORATORIES LIMITED 
Sales and Service 

44 Coombe Road 

New Malden, Surrey 
Telephone: MALden 2202 
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r= 


-at the end of a lead 


you like 


Foolproof, 

direct reading dials 

The Universal Bridge B.221 has as a 
special design feature the layout of the 
controls and displays. A novel mechan- 
ism automatically inserts the cyphers, 
decimals and units of measurement in 
the dial windows. Thus, the errors 
which may be caused by large multiply- 
ing factors are obviated. This facility 
means that the instrument may be used 
efficiently even by unskilled personnel. 


This instrument and its applications are 
fully discussed in Information Service 
Publication AB221—copies available on 


request. 


Universal Bridge B221 


‘afd we 
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If its data... 


ord it on 


@ EPSYLON Magnetic Tape Recorders 

provide the most versatile recording 

facilities for research, development and control. A few of the interesting 
features of the Epsylon range are: wide frequency range from DC; tape 
speeds up to 150 ins/sec; 16 channels per inch; capacity 5,000 ft; endless 
loop; remote control; choice of speed ranges; recording and replaying at 
different speeds. Eminently successful applications include data record- 
ing in aviation, missiles, machinery, and other industries,seismography, 
process control, monophonic and stereo sound, digital computing. If it’s 
a digit (or if it’s fast or slow, hot or cold, a tune or a strain, a tremor 
or a thump) please let us send you detailed documentation of the 
Epsylon range. 

EPSYLON INDUSTRIES LTD Faggs Road. Feltham, Middlesex, England Tel 

A Multi-Channel Recorder A member of the Stone Plat: Group "<3." 
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MAGLOY 


supreme in performance °- stability * consistency 


Years of research, still continuing, are behind the brilliant, versatile range of 
Magloy magnets offered by Preformations Limited. Exceptional characteristics 
are due to the use of special precipitation hardened alloys treated by the most 
advanced methods known in magnet technology. The extensive manufacturing 
resources of Europe’s most up-to-date magnet foundry assure positive advantages 
for all users. Applications are legion—Magloy magnets satisfy the most stringent 
requirements in electronics, engineering and domestic equipment. 

Preformations Limited offers a unique design engineering service and will under- 
take the research necessary for the development of special magnets to meet specific 


requirements. Write for the Magloy brochure —on company headed notepaper 


CAST PERMANENT: MAGNETS 


please. 


Preformations Limited 


a | Plessey = crour oF companies CHENEY MANOR - SWINDON - WILTS 
Telephone SWINDON 6251 Telex 44-385 
P.M. 
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Guttches 


For Instrument and Electronic Applications 


= 


% Cat. No. 81058-BT. Cat. No. 81046. Cat. No. 81055-B-BP. 
Double Pole Double Single Pole Single Double Pole Single 
Throw. 2 Position Throw. 2 Position Throw. 2 Position In- 
Lever Type. Back Lever Type. Back sulated Lever Type. 
Connecting Lugs. Connecting Lugs. Back Connecting Lugs. 


The exacting conditions of service demanded by modern 
techniques in electronic equipment and instrument develop- 


ment are fully matched by this new range of ARROW 


bakelite enclosed switches. 


Their main characteristic is the maintenance of low contact 


resistance after considerable life. 


Circuits available S.P.S.T., $.P.D.T., D.P.S.T., D.P.D.T. 
BIASED ACTION SUPPLIED FOR ALL CIRCUITS. A ea R @ ) we 
Maximum rating 3 amps at 250V AC/DC 


Write today for full particulars of these instrument switches. 


ARROW ELECTRIC SWITCHES - HANGER LANE - LONDON - W.5 
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HIGH VOLTAGE 
SERIES 


HIGH CURRENT 
SERIES 


MINIATURE- 
MOVING COIL 
SERIES 


NORMAL DUTY 
SERIES 


GATE OPERATED 
SERIES 


MINIATURE 
SERIES 


PRECISTO N 


sail RELAYS 


TIME-DELAY 
SERIES 


Illustrated technical data sent on request: 
ELECTRO METHODS LTD., General Products Division, CAXTON WAY, STEVENAGE, HERTS. 
Telephone: Stevenage 2110-7 
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now available to British Industry 
CHLOROTHENE NU 


COLD CLEANS ELECTRICA' 


Safe, superior Chlorothene* NU, now revolutionizing cold 
cleaning operations in the U.S. electrical industry, eliminates 


metals and insulation materials. Its 


corrosion of sensitive 
exceptional stability (specially inhibited 1,1,1-trichloroethane) 


makes it ideal or cleaning even aluminium, zine and white 
metal alloys, as well as plastics, rubbers and other materials. 
In fact, Chlorothene NU cleans everything from electric 
circuits to complex electronic brains. It has successfully 
cleaned finishes to which ultrasonics have proved injurious. 
Safe in two ways! Chlorothene NU greatly reduces the twin 


hazards of toxicity and fire. Its maximum allowable vapour 


Distributor : 
PENETONE-PARIPAN LIMITED 


P.O. Box No. 10, Egham, Surrey Tel: Egham 3811 (10 lines) 


DOW CHEMICAL COMPANY (U.K.) LIMITED 


48 Charies Street, London, W.1. Tei: GROsvenor 5406 


FLECTRONIC ENGINEERING 


EQUIPMENT WITHOUT CORROSION 





concentration is 500 parts per million—comparable with 
many flammable solvents and substantially higher than most 
chlorinated solvents. Chlorothene NU practically eliminates 
the fire risks of flammable solvents because it has no fire or 
flash point! 
Chlorothene NU cleans by dip, spray, slush or wipe methods 
—on the production line or for maintenance. It quickly 
removes greases, oils, waxes, tars and other soils, and dries 
fast without leaving a residue. For complete information about 
its specific advantages in the cleaning of electrical equipment, 
contact the distributor NOW. 

*Trademark of The Dow Chemical Company, U.S.A. 


CHEMICALS 
PLASTICS 


TEXTILE FIBRES 
PACKAGING FILMS 





JANUARY 





1961 
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IN A THRICE! 


a silicone rubber that's easy 
to cure and simple to use.... 


COLD-CURE SILASTOMER is a silicone rubber you can set at room 
temperature. Add the catalyst, mix it in thoroughly and in minutes—or 
hours if you wish—you have a silicone rubber with all the well-known 
properties of oven-cured Silastomer. Cold-Cure Silastomer is available in 
three different viscosities to suit different processing techniques. When 
potting and encapsulating, for example, use of the fluid grade makes it 
easy to fill all voids and awkward corners. Its remarkable properties 
include: 
* Excellent thermal stability—can be used up to + 250°C or 

down to—50 C 

Outstanding electrical insulating properties 

High thermal conductivity 

Protects against moisture, dust, oxidation, weathering 

ozone, corona and mechanical shock 


@s) Silastomer is the registered trade name of a comprehensive range of silicone 


rubbers manufactured and marketed by Midiand Silicones Ltd 
MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 
To give you information on ali the properties and appli- 


first in British Silicones cations of Cold-Cure Silastomer, we have prepared a 
fully detailed and illustrated booklet. Please write or 
68 Knightsbridge, London, SW1. Telephone: Knightsbridge 7801. phone our nearest branch office for a copy. 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


WD MSRB 
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FOR CHOPPER APPLICATIONS 


Semiconductors’ new Silicon Chopper Transistors are worth knowing about. The exclusive 
Semiconductors Limited Silicon Surface-Alloy process permits independent control of 
resistivity, base width and electrode diameter, allowing transistors to be made specifically 
for chopper applications. 

For the first time in the United Kingdom transistors are in production with these key 


performance features :— 


Offset voltage guaranteed to be below 2 millivolts or 5 millivoits 
according to type. 

Very low leakage currents. 

Low hole-storage factor 

Low collector capacitance. 

Minimum ft of 10 Mc/s — minimising transient problems and permitting 


Write for Data Sheets to wide band widths 


Semiconductors limited 


Cheney Manor Swindon Wiltshire Tel: Swindon 6421 


ONE OF THE | Plessey GROUP OF COMPANIES 





SPECIALISTS IN 


THE DESIGN AND MANUFACTURE OF 


VACUUM EQUIPMENT 


VACUUM OVENS « DEPOSITING - SPUTTERING: VALVE PUMPING - C.RT., etc 


2) 
Single position Vacuum Oven. Temp. ed 
0-300°C Vacuum range 10 * double ended 


for fitting in glove box. 


Single position 
C.R.T. Pumping 
Unit complete 
3-position Oven complete with glove box, = se 
all vacuum equipment, temperature con- ae 
trollers, safety device, etc. patel tyseryer- 


electric seal-off 
e ete. 


ALUMINISING 
UNIT 





Press-button 

automatic firing 

of filament on 

reaching re- Indicating 
quired vacuum. P ~~ lights on all 
Safety device switches includ- 
avtomatic § cut- ing fuses ali 
eouc if i 

Automatic Rotary final exhaust machine for vacuum. me oo aplagay 


C.R.T. complete with oven, air circulation, panel. 
automatic temperature controls, etc. 


_  —_—= 


. 4 
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JLT 


instruments 
for 


TRANSISTORISED A.C. VOLTAGE REGULATOR 
MODEL T200 


Exceptional reliability coupled with 
precision performance. Combination of 
semi-conductor and magnetic design 
techniques gives fast response time. 
Suitable for incorporation in larger 
equipments where reliability and long 
service are of prime importance. 
Output regulation: + 0-25°, for 10° change 
in input voltage. 
Distortion: less than 3°%. 
Power factor range: 0-9°, leading to 0:7 lagging. 
Time Constant: 0-1 seconds. 


Weight: 20 Ibs. only 


LT J. LANGHAM THOMPSON LTD. 


Saeue BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: ‘Tommy Watford” VR/2 








ELECTRONIC ENGINEERING 60 JANUARY i961 





EE 29 065 for further details 


wea FOR HIGH PERFORMANCE 
COMPUTER CIRCUITS 


specify 


diodes 


Hughes HS11 series are alloyed junction silicon computer diodes, 
operative over wide temperature ranges and characterized by 
extremely fast recovery time. 

Made in Glenrothes, Scotland, the Hughes range of silicon and 
germanium diodes are subminiature devices with extremely 
stable electrical and mechanical characteristics. These diodes 
are specially designed and constructed to meet the most exacting 
requirements of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature one- 
piece glass envelope to ensure complete isolation of the active 
elements from damage or contamination. The small size, 
combined with rigidity of construction and small mass of the 
elements, enable them to withstand successfully physical shock 
and vibration. 








|| OUTPUT 





Qualified engineers in our Research and Development 
laboratories at Glenrothes are available to help with your 
application problems. 


Home and Overseas enquiries to: 








——-—-——-—-—-—--—-—--—-- 4 


HUGHES INTERNATIONAL (U.K.) LTD J 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX HOUNSLOW 5222 
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NEW! CONTROLLED | 


4 TRANSITRON TYPES AUGMENT 








Series Package 
TCR 550 
TCR 520 
TCR 510 
TCR 505 


2N1600 te hex base 
2N1595 T0-5 

TCR 251 10-5 G) 
TSW 31S 10-18 Q@) 


G) Maximum Holding 





Silicon Controlled Rectifiers /Switches 


NEW! CONTROLLED SWITCHES 


TSW31S-TSW201S PNPN bistable switching 
devices in TO-18 packages, with maximum 
holding current of 1 ma. 


@ High gate sensitivity 20 ya to fire 


e@ Covers current range from 1 ma to 200 
ma @ 75°C ambient 


Voltage ratings up to 200 volts available 
Temperature range:— 65°C to +150°C 


1%, hex base 
1%, hex base 
My hex base 
%, hex base 





25ma 50ma 5A 

















Current Values lma 5ma 














NEW! TO-5 PACKAGE 

CONTROLLED RECTIFIERS 

Two series of diffused silicon PNPN bistable 

switching devices with very low triggering 

requirements and micro-second switching 

TCR251-TCR4001 series featuring: 

@ Low leakage: 100 vA @ 125°C case 

@ High gate sensitivity: 200 uA @ 25°C 

@ Low Holding Current: 5 mA maximum 
@ 25°C 

e Current rating: 1 amp at 80°C case or 
600 ma at 25°C ambient 


@ Voltage ratings: Up to 400 volts 


Plus 2N1595-2N1599 series with same 
current and voltage ratings 


Average Forward Current Ratings 


Average Forward Current Ratings 











The complete Transitron line of Controlled Rectifiers and Controlled Switches includes the following higher current types: 


NEW! 2N1600-2N1604 

and TCR505-TCR4005 

series diffused Silicon 

Controlled Rectifiers 

@ Current ratings: 3 amps at 
80°C case; 1 amp @ 125°C 
case 

@ Voltage ratings: Up to 400 
volts 
Package: ." hex base 


10 Amp Series 


@ Current ratings: 10 amps 
@ 25°C case; 5 amps at 
100°C case 

@ Voltage ratings: Up to 
400 volts 





@ Package: '\,” hex base 


20 Amp Series 


@ Current ratings: 20 amps 
@ 25°C case; 10 amps 
at 100°C case 

@ Voltage ratings: Up to 
400 volts 

@ Package: 'Y,” hex base 








NEW! 
50 Amp Series 


@ Current ratings: 
50 amps at 
100°C case 
Voltage ratings: & 
Up to 400 volts 
Package: 
1%." hex base 


RECTIFIERS & SWITCHES 


INDUSTRY'S BROADEST LINE! 


Binistors / Transwitches 


THE BINISTOR THE TRANSWITCH 


(by-nis-tor) 


Transitron’s new silicon NPN Tetrode offers A PNPN bistable silicon computer element 
simpier, more reliable, more economical that can be turned on and off with gate 
switching and storage circuitry. The key current. The device is available in the TO-18 
parameters of this bistable, negative resist package, and is designed for miniaturized 
ance device are determined by external cir- memory circuits, ring counters, shift 
cuitry, providing remarkable stability and registers, controlled rectifier drivers, and flip 
uniformity over wide temperature ranges flop equivalents. A 100 ma series (TSW-31A 
The signal and output swings are compatible TSW-201A) has been added to the Transwitch 
with present transistor and diode circuits. series. Both series (SOmA and 100mA) are 
Two series are available: The wide tempera- available in voltage ratings up to 200 volts 
ture range or military types and the com- For commercial and industrial applications, 
mercial and industria! computer types. The the SW-30 type is now available. This unit, 
Stability and uniformity of each unit in the especially designed for lower temperature 
military series is absolutely guaranteed by applications features maximum collector 
the method of specification at critical tem current rating of 30mA and maximum volt 
peratures (—65°C and +150°C) age rating 30 volts 




















ABSOLUTE maximum RATINGS ABSOLUTE MAXIMUM RATINGS 


amas ae | Oe... TSW-31 TSW-31A 
Collector to Emitter Voltage (V_,) 15 Volts 15 Volts sw 30 thru TSW-201 thru TSW-201A 

















Collector Current @ 25°C (I<) 30 mA 30 mA Forward current |, 30 ma 50 ma 100 mA 


torage & Operating Ambient Temp. Range 65°C to +150 to +10 — aa —— 7 
wterage & Spereung Aas Acetic B 'G] ~ "T's ~ Operating temp. range 55°C to “ait 55°C to +125°C| —55°C to +125°C 























3N56 MILITARY TYPE 

SPECIFICATIONS & TYPICAL CHARACTERISTICS (At Noted Ambient Temp.) __ 7 SPECIFICATIONS (AT 25°C) pl A 
[AMBIENT] | “TEST TSW-31 TSW-31A 
TURN-ON TEMP TYPICAL, MAX. | CONDITIONS ae Co. ET thru TSW-201 _| they 1 TSW-201A 
D.C. Collector if 65°C | - 046 | lov | 10mA, 1, = + .5mA* Max. Saturation Voltage (V,) 15V¥ @ 50mA | 2V@ 100 ma 


~ 10 uh 

















Saturation }+25°C 0.7 1.0V i 4v.R, 3K r "Max. Forward “OFF” coecie ‘leeo) 
Voltage (Vc) \* +150°C ; 1.2 15V | supply Baca: ent ceo] _” _] 
T .38 5 mA ie Max. Reverse Current l, To OA 

















Critical 
Injector 
Current (I 





28 | .5mAl I. = 10mA, 1, = — SOua Max. Forward “OFF” Current (I-<,)| 50 uA @ 85°C | Tso, uh @ 125°C ¢ | 50 4 @ 125°C 
c b — 


14 ‘5 mal rare a 
150°C | “mi 2s Max. Reverse Current (1,) 50 uA @ 85 sta uA @ 125°C c|s0 wh @ 125°C 


+ 

| } Oo; 1 10 1.5 mA} vitch ee T 
| 

} 








i crit?) 











Ma Vol tch if 
0.86 | 1.5 mA| I, = 0.25mA,|, = — SOua pea Cae © ate lov | 1.0 1.0¥ 
0.40 | 1.5 mal Ve on) — — a 
Max. G _ Current to Switch ee 








TURN-OFF —_ = | ‘. 1.5 mA 
Base Cutoff 14+25°C 020} 0.2 uA} ce * 


Current (,.) | +150°C | 2.0 |10.0 yA] “% ~ 


15 volts, = + 13 volts “ON” (le on) 
6 -_ Man. Gate vlads To Swe 


Ve ore) 
3NS7 COMPUTER TYPE Tas ae Current to Switch 
SPECIFICATIONS & TYPICAL CHARACTERISTICS @ 25°C seuanctsaeied 'e ore) 


TURN-ON | MIN. | TYPICAL] MAX. | _‘ TEST CONDITIONS Max. Holding Current (|, 
D.C. Collector | | | 1c = 10mA, i, = + .Sma* 
Saturation } 0.7 V, = 4V,R, = 3K 
Voltage (V-,) supply in writing for further information on all these devices, refer to 
} ow > the following bulletin numbers 
pm ~~ aad > ; - nevady,) = ‘ Controlled Rectifiers & Switches Binistor & Transwitch 
UTTER. 10 vic ee TSW-31S series Bulletin # TE-1356E 
> : 1 TE- 
TURN-OFF TCR-251 series Bulletin # TE-13560 TOw-sIA Gulletin # TE-19678-2 
Base Cutoff 020 | . | Veg = 15 volts, Vig = + 13 volts Se Mth. OO Bulletin # TE-13578 
Current (1,.) | Veg = — -6 volts TCR-505 series Bulletin # TE-1356B SW-30 Bulletin # TE-1357E 
10 amp series Bulletin # TE-1356A-1 i 
"Unit must switch on under the above conditions; however, 20 amp series Bulletin # TE-1356A INS6 Bulletin # TE-1360A 
actual V-, measurement is made with |, = — 50ua 50 amp series Bulletin #¢ TE-1356AA  3NS7 Bulletin # TE-13608 








5.0V 









































* ' 
rGONGTPOR coe 
BILTON HOUSE UXBRIDGE 


Leade) ship in Semi onducto) Ss 








in, 


ees oe 





ALP HASI = the modern core material 


The inset curves iiiustrate the superior magnetic properties of 
Alphasil cold-reduced grain oriented silicon steel over those of a 
typical hot-rolled grade (Ferrosil 80). Alphasil has a maximum 
permeability four times that of the hot-rolled transformer sheet 
and its core losses are approximately one-third. Initial and incre- 
mental permeability, stacking factor and ductility are considerably 
better than those of hot-rolled sheet. 


Alphasil -013” thick is produced in coil 30 inches wide, and can be 
supplied slit to narrower widths by arrangement. 
TABLE OF WATTS LOSSES ABOVE—A 4,000-ib. coil of 
Frequency mex. tote! lesses 30° wide x 013° thick, 
RI GHT—Core-ioss testing of 
so > Alphasil by the ‘doubie-iap’ 
ALPHASIL 37 50 . Nb. Epstein method. 
ALPHASIL 33 50 
Thin Alphasil for high frequency work is also available 
in coll in -004” thick in widths up to 54 inches, and in 
002” thick, in widths up to 44 inches. 
cycles /secend Guerenteed mex. total losses 
ALPHASIL -OO4HF 400 8-00 watts /ib. at B Max 15 Kilogauss 
ALPHASIL -00O2HF 8,000 9-50 watts /Ib. at B Max 2 Kilogauss 


Full technical data will be supplied on request 


RICHARD THOMAS & BALDWINS LTD 


Enquiries fer sheet and strip to be addressed to RICHARD THOMAS & 
BALDWINS (SALES) LTD., WILDEN, STOURPORT-ON-SEVERN, WORCS. 
Enquiries for laminations to be forwarded te RICHARD THOMAS & 
BALDWINS LTD., COOKLEY WORKS, BRIERLEY HILL, STAFFS. 


Qur Cookley Werks is one of the largest in Europe specializing in the 
menufecwre of leminetiens for the electrical industry 


Curves of RMS VA/ Ib against 
8. max. ALPHASIL 37 


_and FERROSIL 80 at 50 </s 


ae 
FERROSIL 80 


is 
B max Kilogauss 





~ 


meen 








No. 


IN THE 
SERIES 
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Technical Information for the 
Transistor Circuit Designer 





Switching Performance of Alloy Junction Transistors 
There are several possible ways of specifying the switching performance of a transistor, but 
the most elegant of these involves the parameters z,. and zg. t, is a measure of the charge, 
or quantity of minority carriers, stored on the base of a transistor when it is operated in the 
active region; zt, is a measure of the charge stored when the transistor is operated in the 
saturated, or bottomed, condition. 
For example, if x, is 0-03 js, the collector current I,. is 10 mA, and the transistor is being 
operated in the active region, the charge stored is: 

t1- =0-03 x 10°8 =0-3 x 10-9 coulombs. 
If l..=10 mA, t =0-03 ps, hyp =40, <> 1-5 ws and I, =0-5 mA, there is an excess 


I 
Cc 

base current equal to I~ 5 I,' =0-5—0-25 =0-25 mA. This excess base current acts to 
FE 


drive the transistor into the saturation region and the charge stored is then: 

I,'ts + 1¢7¢ =0-92 x 10°* coulombs. 
With a knowledge of +, +, and the collector junction capacitance, the total charge stored 
in the base region and depletion layer of the transistor can be calculated. Comparisons can 
then be made between the relative merits of different types of transistors when operated 
in a specific circuit. 
For further details see: STC application report No. MK/146. “The Junction Transistor 
as a Charge Controlled Device”’ by R. Beaufoy and J. J. Sparkes, A.T.E. Journal, Vol. 13, 
No. 4, October 1957. “Transistor Switching Circuit Design using the Charge-Control 
Parameters” by R. Beaufoy, Proc.I.E.E., Paper No. 2970, May 1959, Vol. 106, Part B. 





sTc 
Switching 


Transistors 





Tus) fp(Mc/s) — 


| 
=... 





UU. 























Cp Adjusted to give ‘Best’ Square Wave Output at the Collector. 
Basic circuit for measurement of =, and <, af 


With optimum* positive going edge at the collector the charge required to switch on the 
transistor is 
Qon = VB Cat loth Chie Vee 
With optimum* negative going edge at the collector the charge required to switch off the 
transistor is 
Qorr = Vs Caz = Fo 7% +p tg +17 Cpte Veco =Qon + Ip! *5, 
*Adjusted for minimum rise or fall time with no overshoot. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP - KENT 
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CHG 7 
DELLE 
Nheltbows 


If your problem is the design of thermostatic 

or pressure sensitive systems, small shaft couplings, 
pressure seals or vacuum seals, then the versatile metal 
bellows will provide the solution. 

HY DROFLEX are, of course, to be]preferred. 

Please write to the Bellows Division forjyour copy 

of the catalogue, quoting Dept. EE 


DRAYTON REGULATOR & INSTRUMENT CO. LTD. 


West Drayton, Middlesex 


8.28. 
ELECTRONIC ENGINEERING 


Telephone West Drayton 4012 
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These new STC complete 

packaged oscillator units 

represent a revolutionary step 
forward in crystal design. They 

are extremely small units for use 

as laboratory references or as the 
oscillator section of high performance 
equipment. The ruggedness of design 
together with the small size makes 
possible a degree of portability 
hitherto unknown in this type of 
unit. Standard frequency is 5 Mc/s. 


Write for Technical Data Sheets. 


1 in 10° per day 
frequency 
standard for 
Felete) arch ae) a (-t-3 

at £195 


One of a new, low priced range of 


frequency standards from STC. 


@ Rugged 


Compact 


Reliable 


& 
@ Light-weight 
s 
a 


Low Cost 


Registered Office: Connaught House, Aldwych, W.C.2. 
60.1MQ QUARTZ CRYSTAL DIVISION: HARLOW « ESSEX 
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Fast, simple, low-cost circuit assembly 


VEROBOARD is the universal wiring board 
that combines all merits of the printed 
circuit technique — without the expense ! 
Simplicity, speed, cheapness, and relia- 
bility are the direct results of the vERo- 


BOARD principle: standard pitching of 


standard-size holes on a resin-bonded 
laminate board backed by bonded copper 
continuity strips. 

The following assembly aids and acces- 
sories are offered to speed and simplify 
the assembly of VEROBOARD circuits even 
further; and to provide even better 
service in use. 


Numeral tape (self-adhesive) for fast, accurate reference 
to positions On VEROBOARD. 1-90 for 18” boards and 
1 —30 for boards up to 6”. Part Nos. VB 3021 and VB 3022 


Component Jig for bending wire terminations accurately 
to fit VEROBOARD matrix. Part No. VB 3031 

Plastic Handles for plug-in vEROBOARD card circuits. 
Part Nos. VB3051 (black) and VB3052 (red) 

Jumper Links of tinned copper wire for cross connections 
between bonded copper backing strips on VEROBOARD. 
Part Nos. VB 3061 (0-2") and VB 3062 (0-4”) 
Semiconductor Holders for mounting transistors, etc. 
with plug-in contacts on 0-2” matrix. Part No. VB2011 
and VB2012 

Valveholder Templates for drilling holes at correct pitch 
and location on VEROBOARD. Part Nos. VB 3041, VB 3042 
and VB 3043 


Extruded Edging in light alloy for strengthening vEeRo- 
BOARD panels. Part No. VB 3091 


Plug-in Panels: 4-8” « 5-8” vEROBOARD, gold-plated at 
one end for use with edge connectors. Part No. VB 2001 


Spotface Cutter to make a clean separation where neces- 
sary in copper backing strip. Part No. VB3011 

Design Sheets on high quality tracing paper for designing 
circuits ON VEROBOARD and for producing workshop 
prints. Part Nos. VB3071 (18”) and VB3072 (6”) 
Varicon Connectors which can be used as single point 
contacts or in rows to form connections between 
VEROBOARDS. Available in strips of 20. Part No. VB 3081 
(in line and VB 3082 (right angle). 


for making corners and for slotting to take VEROBOARD panels. 
Part Nos. VB3101 Press, VB3102 Mitre die set, VB 3103 
Slotting die set. 

VEROBOARD Kit contains supply of vEROBOARD and all 
accessories in a special container. 


Notching Tool for Extruded Edging to enable it to be mitred 


Cr 


1 
Odl is a product of VERO Precision Engineering Ltd., South Mill Road, Southampton. Telephone: 71061/4 
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DIMENSIONS MINIMUM 
COMMERCIAL cv FREQUENCY POWER 
CODE ‘TencrH | DIAMETER | RANGE OUTPUT 
(mm) Mc/s w 
800-1000 
1700-2000 
3060-3180 
2700-4200 
2700-4000 
3560-3820 
3500-4300 
3780-4040 
4000-4240 
4100-4600 
4400-4630 
4580-4860 
4400-4850 
4570-4750 
4760-5000 








VI90C/IM 
V218A/IK 
V231C/IK 
V233A/1K 
V235A/1K 
V237C/IK 
V238A/1K 
V239C/1K 
V241C/IK 
V243A/2F 
V245C/IK 
V246A/2K 
V246C /4K 
V247C/1K 
V249C/1K 


z 
Cc 
lll] @ 
3 


al 1881183 


13 
NU 


Ae mS Sah hE GPR Cap sp 
“ 





























SSSSSLSSES 
oeooooececeoeooNn 
PRWKHKYNWWHUBUWwoNn 


*B7G/F base fitted with P.T.F.E. wiring-in adaptor. 


Srandard Telephones and Cables Limited 


COMPONENTS Registered Office : Connaught House, Aldwych, London W.C.2 


Gaoup 





VALVE DIVISION: FOOTSCRAY + SIDCUP - KENT 
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Hewlett-Packard 


Signal Generators 50 KC to 21 KMC* 


* New -hp- Frequency Doublers soon available will extend frequency coverage to the 40 KMC region 


The table on this page gives brief details of 12 
high-quality, dependable, precision instruments 
offered by the world’s foremost manufacturer of 
signal generators. Two of the more prominent and 
widely-used -hp- signal generators are pictured 
and described alongside. 


New Model 606 A — 50 KC to 65 MC 

Ultramodern, incorporates latest techniques. Out- 
put 3 V full range, continuous attenuation to 0.1 
microvolt. Master-Oscillator-Power Amplifier cir- 
cuit with full feedback loop insures constant out- 
put full range. Low distortion, varied modulating 
capabilities. 

Price £& 492 


Frequency Range 
50 KC to 65 MC 


10 to 480 MC 


10 to 420 MC 


450 to 1,230 MC 


800 to 2,100 MC 


1,800 to 4,200 MC 


3,800 to 7,600 MC 


7,000 to 11,000 MC 


5925 — 6575 MC 
6575 — 7175 MC 
7175 — 7725 MC 
(specify) 


8,500 to 10,000 MC 


10 to 15.5 KMC 


15 to 21 KMC 


Model 608 D — 10 to 420 MC 

Highest stability, low incidental FM; low 
frequency drift. Calibrated output 0.1 
microvolt to 0.5 V. Built-in crystal cali- 
brator provides frequency check accurate 
within 0.01 % each 1 MC and 5 MC. 
Price £ 451 


Characteristics 


Output 0.1 wV to 3 V. Full feedback loop, 
low distortion 


Output 0.1 «V to 1 V into 50 ohm load. 
AM, pulse, or CW modulation. Direct calibration 


Output 0.1 nV to 0.5 V 
incidental FM less than 0.001 % 


Output 0.1 «V to 0.5 V into 50 ohm load. AM, 
pulse, CW or square wave modulation. 
Direct calibration 


Output 0.1 wV to 0.223 V into 50 ohm load 
Pulse, CW or FM modulation. Direct calibration 


Output 0.1 uV to 0.223 V into 50 ohm load 
Pulse, CW or FM modulation. Direct calibration 


Output 0.1 uV to 0.223 V into 50 ohm load 
Pulse, CW, FM or square wave modulation. 
Direct calibration 


Output 0.1 wV to 0.223 V into 50 ohm load. 
Pulse, FM or square wave modulation. 
Direct calibration 


Output 70 «V to 0.228 V into 50 ohm load 
FM or square wave modulation. Separate power 
meter and wave meter section 


Output 2.23 nV to 0.223 V into 50 ohm load 
Pulse, FM or square wave modulation. Separate 
power meter and wave meter section 


Output 10 dbm to -90 dbm. Pulse, FM or 
square wave modulation. Direct calibration 


Output 10 dbm to -90 dbm. Pulse, FM or 
square wave modulation. Direct calibration 


Prices delivered U.K. exclusive of duty where payable. 
Continuous progress in design may affect the above 
specifications which are therefore subject to change 
without notice. For information, technical sales and engi- 
neering help, or a demonstration please write or call 


Hewlett-Packard S.A. 


Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36 
Exclusive Distributor for United Kingdom: 
LIVINGSTON LABORATORIES LTD. 


RETCAR STREET, LONDON, N. 19 
Telephone: ARChway 6251 HPSA - 7 


leads the way 


JANUARY 1961 


Many world-famous Hewlett-Packard laboratory instruments 
are now made in the new Hewlett-Packard GmbH plant at 
Béblingen, near Stuttgart. Here quality engineering and 
latest manufacturing techniques bring you instruments of 
exceptional performance at moderate price. 
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Series 400 and 800 Selenium Rectifiers 


SenTerCel Series 400 and Series 800 rectifier stacks are made from two 
SELENIUM new ranges of square plates which, because of their improved perform- 
ance, permit considerable savings in space, weight and cost. 


* Fully comprehensive range of plate * Savings in space, weight and 
RECTIFIERS sizes. cost. 
* Available with or without cooling %* Supplied ready wired or bus- 
fins. barred. 


Write or ’phone for relevant technical publications. ? ’ : 
P f P * Simplified connection arrangements. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW °* ESSEX 


COMPONENTS 
Groupe 





60/7MF 
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RACAL AT 


wideband 
MATCHING TRANSFORMERS 





TYPE MA 108 


Frequency range: 2.5 to 30 Mc/s 

Continuous power handling capacity 3kW 
Impedance ratio 52 ohms to 600 obms 
Alternative models for indoor or outdoor use; 
Low internal losses 

Balance ratio: better than 20 dB 


TY¥YHe MA C4 


ov00W 


CONTINUOUS 





These units are conservatively rated and will 


withstand considerable overload under 


non-continuous conditions. Although standard Ask for 


models are illustrated here, special impedance ratios 


and terminations can be offered to meet 
customers’ needs. 


All over the world, the problems of efficient 


matching of transmitters to aerial systems Nos. 1 6 761 ° 1 4 4 C 9 


are being solved by these RACAL matching units. 


BA G/A/L| 


RACAL ENGINEERING LIMITED 


WESTERN ROAD - BRACKNELL - BERKS .« Tel: Bracknell 941 - Grams/Cables: RACAL BRACKNELL BERKS 


Overseas agents in most territories 


Simple and flexible installations are made 








possible with the minimum of difficulty. 
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SIGNAL DIODES 
2S$30A —72S34B DIFFUSED 


Max | Max. Mean|Max. Mean| Max. Reverse Max 
PIV. | Dissipa- Dissipa- | Current in Re 
| tion at tionat | pAat P.LV 


| 
| 
| 25°C 100°C at 
| | Amb Amb | 
at 25°C | at 100°C | 


| mw mw 
ZS30A |; 50 r 650 300 02 | 15 


Type | 


ZS30B 650 300 50 | 50 
ZS31A 300 02 | 15 


ZS31B i 300 50 50 
ZS32A 300 | 02 15 
ZS32B 300 | 50 50 
ZS33A 300 0-2 iS 
ZS33B 650 50 50 
ZS34A 650 02 20 
ZS34B 650 50 50 


SIGNAL DIODES 


ALLOY JUNCTION 
2$10 to 2825 
P.1.V. 60 to 500 volts 


Mean Rectified Current at 75°C Amb. Temp 


Current 


Amb 


DIMENSIONAL DIAGRAM B 


JUNCTION 


Mean | Max 
ctified Forward 
Voltage 
at Max 
Current 
mA Volts 


Ambient 
Temp 
Operating 
25°C 


500 
500 
500 
500 
500 
500 
500 
500 
500 
500 


DIMENSIONAL DIAGRAM A 


= 100mA 


Max. Reverse Current at 100°C = 5 yA 


Max. Operating Temp. = 150°C 


PNPN SWITCHING DIODES 


| Sustaining Max. Mean Dissipation 
Current at 
Amb 
Volts mA mW 


Trigger 
Voltage 


DSIE | 100+10° >200uA <2mA 


DSIF 100+ 10% | >2 mA <l0mA 


} 
DSIG | 100+10% |> !0mA <25mA 


DIMENSIONAL DIAGRAM G 


Typical Switching 
imes 


From high to low 
impedance 
<100 m psec 
From low to high 
impedance 
approx. | wu sec 


PHOTOCELLS 


Typical Characteristics 


Dimensions of Unmounted Units at 25°C ambient temp 


Active Area 100 fc Candles $000 fr 
(Nominal) Voc Voc 


mV mV 


Shape 


48x23x08 
190x 127x086 
63x63x08 
63x 127x008 
63x 190x008 
63x254x08 55x 
34x13x08 25x 
25°4 Dia. x 08 12°0 (Rad.) 


* The MS! and MS9 photocells are available for both low and high light level applications, 
they may also be supplied in matched sets. For further information see manufacturers 
full data. Details of mounted sizes available supplied on request 


HIGH SPEED DIODES DIMENSIONAL DIAGRAM A 


ALLOY JUNCTION 
7840, 2841, 2842 


100 voles 
Max. Mean Rectified Current = 25mA 
Max. HOLE STORAGE for 10mA Forward Current 25« 10 


PLY 25 50 


10 
? Coulombs 


HIGH VOLTAGE RECTIFIER UNITS 


DIMENSIONAL DIAGRAM C 


Max. Mean 
Rect. Current 


Max. Forward 
Volcage at 
100 mA 


uA Voles 


Max. Reverse 
Current at 
25 








me 


DIFFUSED JUNCTION 


ZENER REFERENCE 


ALLOY 


DIODES 


JUNCTION 


DIMENSIONAL DIAGRAM A 





1°5 AMP TYPES DIMENSIONAL DIAGRAM D 


ZR10 to ZR14 


Nominal 
Reference 
Voltage at 


Tolerance 


Typical Slope 
Resistance 
Ohms 


5mA 


Temp. Coeff 
Yo per 





Upper 
Limit 





P.1.Y. 50 co 400 volts 
Mean Rectified Current at 100°C Amb. = 0.6 AMPS 





8 AMP TYPES DIMENSIONAL DIAGRAM 





Max. Mean Rectified Current 


at 25°C 
Amb 
Amps 





Max. Reverse Current at P.I.V 
at 100°C 25°C 


Amps mA 





8° 0s 


8° 05 


8° 05 


8° 05 


8° 05 




















AMP TYPES DIMENSIONAL DIAGRAM F 








indicates 5%. Suffix ‘B’ indicates 10% 


Suffix ‘A’ 


LTAGE REGULATORS 





110 
110 
85 
70 


—9°03 
— 0°02 
—002 
— 0°02 
—00! 
—O0! 
0:00 
+ 0°01 
+ 0°02 
+ 0°03 
+ 0°04 
+ 0°05 
+ 0°07 
+ 0°07 
+ 0°07 
+ 0:08 
+ 0°08 
+ 0°08 
+ 0°08 
+ 0°08 
+ 0°08 
+ 0°09 
+ 0°09 








| 
| 
| 
| 





DIMENSIONAL DI 


AGRAM £ 





Max. Mean Rectified Current 





Max. Reverse Current at P.I.V 
at 25°C 25°C 
Amb 
Amps 


Forced Air 
Cooled 


Amps 





30* 40r* 


Nominal 
Reference 
Voltage 
at SOmA 
Ref. Current 
Volts 


Tolerance 
on Nominal 
Reference 
Voltage 


© 


Max. Slope 
resistance 
at 50 mA 
reference 
Current 

Ohms 


Max 
dissipation 
on 
24° x25"x 4 
Cu. or Al fin 
Watts 


Max 
Temp 
Coefficient 
20 mA 


per C 





30° 40+* 


30° 40+? 


30° 40+* 


30* 40r* 


30° aot 




















22 





100 


10 
10 
10 
10 
10 
10 
10 
10 
10 





ooo ef 2 © © @ @ 








* Mounted on Standard Ferranti Cooling fin. * Air flow: 600 linear ft per 
min. at 25°C Ambient. In the above devices the flying lead corresponds to 
the cathode of a thermionic rectifier. Reverse polarity types are available 


and should be specified by a suffix R after che type number, e.g. ZR3I4CR 





In the above devices the flying lead corresponds to the cathode of a 


thermionic rectifier 


Reverse polarity types are available and should be specified by a suffix ‘R’ 


afcer the type number, e.g. KRS4R 


DIMENSIONAL DIAGRAMS 
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Accurate oscillograms from up to 1I2 separate sources 


immediately visible on one recording paper 


OSCILLOMINK 


an advanced multichannel oscillograph 


Where great accuracy in industrial or Direct writing by jet 
method 


Immediately visible 
particularly where one recording centre is records 

1000 cps 

2 to 12 channels 

the Oscillomink is indispensable. Up to 6 standard paper speeds 


scientific measurement is vital, and 
necessary for a number of activities, 


12 channels can be operated simultaneously Speeds up to 2 metres 
per second by means of 
special attachment 

readings, even where they cross or Linear frequency 
coincide. Other models offer 2, 4 or response 


Rectangular co-ordi- 
8 channels. nates 


without disturbance to individual 


S | EE i E > 4 LT D Write or telephone today for details 


241 Tottenham Court Road London W.I LANgham 2464 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 


and-a-half square feet of surface area. This is just one instance of the 





compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 


MARSTON EXCELSIOR 
The Mark of Craftsmanship 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 265 
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R-C Oscillator Type TF 1101 


A compact general-purpose oscillator 
giving a low-distortion output of § watt 
max. into 600 ohms. Frequency range 
20 c/s to 200 kc/s. Output level indicated 
by panel-meter and calibrated attenuator. 
A band-pass filter provides for a I-kc/s 
output of very low distortion 


Distortion Factor Meter Type TF 142F 


Measures total spurious content, up to 
30 kc’ s, of inputs within the fundamental 
frequency range 100 c/s to 8 kc/s. Distor- 
tion measurement range: 0.05 to 50°, 
The input can be at any level between 
500 mV and 500 volts 


Audio Tester Type TF 894A 


The TF 894A covers from 50 c/s to 27 
kc/s. It comprises a heterodyne oscillator 
and 0- to 50-dB, 600-ohm attenuator 
combined with a three-range a.c. volt- 
meter which is available for external use. 
Output: 2 watts maximum at 600, 15, 
and 3 ohms. Voltmeter ranges: 80, 8, 
and 4 volts full-scale 


A.F. Power Meter Type TF 1347 

A sensitive, accurate, direct-reading ins- 
trument Its ten power ranges, covering 
10 wW to 6 W, and S4-inch meter provide 


excellent discrimination. Impedance 
range: 2.5Q to 20kQ in 11 steps. Fre- 
quency characteristic substantially flat 
from 50 c/s to 20 ke’s 


EE 29 079 for further details 


A.F. Power Meter Type TF 893A 


A wide-range absorption-type power 
meter for use in the frequency range 20 
c/s to 35 kc/s. The power measurement 
range is 20 u.W to 10 watts and the input 
impedance can be set to any of 48 differ- 
ent values between 2.5 ohms and 20 kQ 


Wave Analyser Type TF 455E 


Gives amplitude and frequency of indi- 
vidual components of either audio signals 
or the modulation covelopes of r.f. signals 
up to 500 Mc/s. Its a.f. range is 20 c/s to 
16 kc/s and its amplitude measurement 
range is 30 uV to 300 volts 


PRECISION AUDIO MEASUREMENT 


Measurements of audio performance to modern standards 
call for the very best in test equipment. Marconi’s offer an 
unrivalled range of instruments to meet the most exacting 
requirements at every stage in the design-production 
cycle. From first evaluation of laboratory models to 

final testing in the factory, and maintenance in the field, 
there is a Marconi instrument to meet the need. 

For full details write for leaflets J172. 


Please address enquiries to 
MARCONI INSTRUMENTS LTD., at your nearest office: 


London and the South: English Electric House, Strand, London, W.C.2 
Telephone: COVent Garden 1234 


Midlands : Marconi House, 24 The Parade, Leamington Spa. Telephone: | 408 
North: 23/25 Station Square, Harrogate. Telephone: 67455 


Export Department: Marconi Instruments Led., 
St. Albans, Herts. Telephone: St. Albans 59292 
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high gain and characteristics. As a 
component of uner, the 6R-HH8 ensures 


excellent pictus with a re 
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“ Hitachi also produces 
used together with the 
even better than he cu 


Automatic tube testing equipment 


ELECTRONIC ENGINEERING 


itivity 


! noise eeeee 


fig. 1 Gain character istic 





nth pene of a superb “TTT ee 
frame grid type ty in triode (6R-HH8} with excellent | ai Bh vedion 











96 102 108 170 176 182 188 194 200 
frequency (MC 


characteristics 





22528 
Y eeemk 


Noise Figure 

















§ 102 108 170 176 182 188 194 200 206 


frequency (MC 


components for television which, when 
to earn any maker a market reputation 


Lite. 


Tokyo Japan 
Cable Address: “HITACHY” TOKYO 


JANUARY 
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Were proud | n= 


of these EE 


Instruments... 


Temperature Controller 


Millivoltmeter 
PUM. 16 Electronic Power, Supply 


Whatever its application, Hatfield/ 
Balun equipment is designed and 
made to high standards of quality and Wide Band Single-ended D.C. 
performance. Among discriminating Ampuiers 
engineers it has achieved a notable 
reputation for accuracy and long 
service. The range is wide and includes 
equipment for many highly specialized 
applications where these features are 
of paramount importance and new 
items, the result of progressive techni- 
cal development, are constantly being 
added. 

Wide Band Transformers Variable VHF Attenuator Type Q 


Variable VHF Attenuator Type RV 





Co-Axial Switches Type RS 


Write today for fully illustrated leaflets. }, | e [ | 
INSTRUMENTS < e LTD 


Dept. E.E., Crawley Road, Horsham, Sussex. Horsham 3232/5 


D.C. Power Unit 
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The Short Control System Analyser 


A new instrument for investigation of feedback control systems. 


The Analyser incorporates the Short Low Frequency Oscillator. 





Control of rolling mill 
and mining machinery 





Design of 
heavy crane control gear 





Missile 
servo analysis 





Gun contro! problems 





Reactor 
control mechanisms 
© Steady inphase and quadrature readings. 


© Complete rejection of system D.C. 

© Harmonic rejection. 

® D.C. content less than 0.0005%,. 

© Sine and cosine distortion less than 0.5%. 
© Amplitude within + 1% 

© Frequency range 0.01—109.9 c's within 1%. 


® Zero start and exponential finish to sine wave 
output. 





Powered steering 
and damper design 








Write for data sheet to: 
COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED East india House, 208 Regent Street, London W.1 
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‘Swinging the 
movement * — that is, 
adjusting the spring 
loaded jewelled 
bearing to ensure 
perfect freedom— 
calls for a most 
delicate sense of 
touch. It is typical of 
the skill and meticu- 
lous care that goes 
into the making of 
measuring instruments 
by Pullin. First-class 
designing, precision- 
made components, 
precise and delicate 
assembly, accurate 
testing. In a word 


— PULLIN 





Pullin for precision 


MEASURING INSTRUMENTS (PULLIN) LTD. 


Pea | e a 2 rc ELECTRIN WORKS, WINCHESTER STREET, LONDON W3. ACOrn 4651 & 8801 
London Showrooms : Electrin House, 93-97 New Cavendish Street, London W1. LANgham 4551-6 
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Where great things are done 


with Microwaves 


RADAR: Fire Control + Navigation of Aircraft and Small Ships - Automatic Landing - Missile 
Guidance + Transponders © COMMUNICATIONS: Multichannel Radio Links for telemetering 
Datu and Speech © VALVES: Klystrons and Magnetrons for 35 Gc/s and 75 Gc/s bands + Monitor 
Diodes for 1 Gc/s to 35 Gc/s @¢ INSTRUMENTS: Comprehensive Waveguide measuring circuits 
covering 6 to 75 Gc/s © RESEARCH: Outstanding Research and Development of the latest techniques. 


i 
re 
6 
i 
i 


COMMUNICATIONS DIVISION - RADAR DIVISION + VALVE DIVISION 
L | ‘@) TT MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT ECROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTFORDSHIRE + ELSTREE 2040 
AIRPORT WORKS, ROCHESTER, KENT - CHATHAM 4/4400 





Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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SILICON POWER 


2N1479 | 2N1480 2N1483  2N1484 
2N1481 = =.2N1482 2N1485 2N1486 





Collector-base voltage 100 60 100 





Collector-emitter ae 
voltage with base 55 40 55 
Open 





Emitter-base voltage 12 12 12 





Collector current 





Transistor dissipation 
At case temp. 25°C 








At case temp. 100°C 











Write for Data Sheets 
quoting reference to: 


PY) ol ot 7. = BL 


TRANSISTORS 


SHAFTESBURY HOUSE - SHAFTESBURY AVENUE - SOUTH HARROW : MIDDX - BYRON 9571 


A.T.4 


SILIGON 


Ref: SM 
Collector-emitter voltage with 
emitter-base reverse biased 








Emitter-base voltage 





Collector current 





"Transistor dissipation 
Free air ' a = 25°C 





Ta = 100°C 








Heat sink T. = 100°C 





Alpha cut-off frequency 


Typical power gain at 70 mcs 
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ELECTRONIC ENGINEERING JANUARY 1961 





GERMANIUM 


MEDIUM SPEED SWITCHERS 
Ref: MSS 


Collecter-emitter voltage 
(Vee val 1V) 


ALLOY JUNGTION 





Emitter-base voitage 
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AT/S12 


—18 





—12 





Collector current 





Dissipation (25°C) 











Alpha cut-off frequency (typical) 





Stored charge 





Saturation voltage (max) 


Leakage current (max) 











Write for Data Sheets, 
quoting reference to: 

















SHAFTESBURY HOUSE - SHAFTESBURY AVENUE - SOUTH HARROW - MIDDX - BYRON 9571 


ATS 


JANUARY 


Ref: DF 


2N1066 
2N1397 








Collector-emitter voltage 
(Vee = 0.5V) 


40 





Collector current 


10 





Emitter-base voltage 


0:5 





Alpha cut-off frequency 


120 





Dissipation (free air 25°C) 





Collector-base capacitance 


1961 
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Order 

with 

Vee }60LRECTIFIERS 
from : al ok 
our very Se (3 
large — « fi = a 
range 


RADIOSPAR 


SELENIUM Remember — our catalogue lists a vast range 
—SILICON of other guaranteed components backed by our 


LOW & HIGH “By-Return” delivery service. 
VOLTAGE 


ciment™ = WRadiospares Ltd. 


4-8 MAPLE STREET : LONDON : W.1 » ENGLAND \ 


Telephone: EUSton 7232-9 RB 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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MESA SWITCHING 


f| 
Mc/s 


200 (min) 20 (min) 
200 (min) 20 (min) 


GERMANIUM 
2N1301 35 (min) 40 (min) 





25 (min) 30 (min) 

















SHAFTESBURY HOUSE - SHAFTESBURY AVENUE - SOUTH HARROW - MIDDX - BYRON 96571 


A.T.6. 


Voce (volts) | Pc (mW) 
Ves (volts) | Beta 
Ic (ma) VcES (volts) 


Ref: NGS 





Voce (volts) 





co (mA) 





Po (mw) 





t,, (Mc/s) 











Beta 
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SERVOMEX 

an ever expanding 
glaletsme)i 
Taksudaelastclaiecmtare 
Controls for 
Research, Industry 


1alem mel Uler-lalelar 
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TAKES 


simply-accurately — 
economically with 
MULLARD EQUIPMENT LIMITED 


electronic sub-assemblies 


Many electronic equipments now employ digital techniques and the basic 
functions are repeated many times throughout the system. The range of 
electronic sub-assemblies offered by Mullard Equipment Limited has been 
designed to enable the electronic engineer to select the functions required— 
plan his particular equipment and then proceed to prototype and or finished 
system without having to design, develop or prove the basic repetitive 
circuits. 

Backing this range of sub-assemblies is a comprehensive advisory service 
which is organised to provide engineers with full information regarding 
characteristics and applications. This service is based upon extensive exper- 
ience in the fields of sub-assembly design and applications. Whenever 
required, Mullard Equipment Limited will be happy to co-operate in the 
design and/or manufacture of complete systems and assemblies. 
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THE RANGE OF 
ELECTRONIC 
SUB-ASSEMBLIES 


Combi-Element Circuit Blocks 
These include flip-flops, gate circuits, multi- 
vibrators, pulse-shapers, amplifiers, etc., and, 
whilst they are particularly suited for control 
systems, they can also perform a variety of func- 
tions in measuring instruments, computing 
devices and telecommunications equipment. 


Norbit building bricks 
The series of sub-assemblies provides for complex 
d.c. switching in industrial control systems. 


High speed EIT counters 

High speed counting for instrumentation systems 
is made simple by these decade units and their 
ancillaries. 


Pre-set counters 

Wherever a control system is required to give 
output functions at particular counts, these plug 
in units give reliable service combined with 
facilities for easy re-programming. 


Low voltage power supply 
building bricks 


These transistorized power supply sub-assemblies 
give the designer maximum flexibility for provid- 
ing stabilized or unstabilized voltages of the 
required accuracy. 


SUB-ASSEMBLIES - ASSEMBLIES - SYSTEMS 
-a complete service 


Mullard Equipment Limited provides a complete service in the supply of 
standard sub-assemblies, and in the design and manufacture of special sub- 
assemblies, assemblies and complete systems. 

A regular ‘Sub-Assemblies Bulletin’ is now being published. Write to 
Mullard House so that your name may be included on the mailing list. 


Mullard House - Torrington Place - London WC1 - Telephone Langham 6633 


“ners 
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Constant Voltage Transformer 
with sine wave output 


Stabilisation of mains voitages without distortion means that the B.E. Constant Voltage 
Transformers outdate all other mains stabilisers. 

These unique Constant Voltage Transformers provide a major advance in the art of mains 
stabilisation. They may be used directly in front of electronic and electrical equipment 
sensitive to variations of both mains voltage and wave form, 

All models have the following characteristics and provide a choice of power ratings: 


Stabilisation ratio 200: 1 

Regulation 1% 

Harmonic distortion 3% 

Output impedance 2 ohms. 

Input voltage 220/110V, 50 c.p.s. 


Constant Voltage Transformers 
BIE 400 


BLACKBURN ELECTRONICS LIMITED, BROUGH, YORKSHIRE 


Telephone: Brough 121 Member Company of the Hewker Siddeley Group 
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Bothway 
Uniselector 


Paper 
Capacitors 


Major Relay High-Speed 
B.P.O. 3000 t ign- 
c ype) Miniature Uniselector 


Tension Gauge 


Minor Relay ine ; Heavy-duty 
(B.P.O. 600 type) cs Uniselector 


Miniature Sealed Relay 


Smee’s GEC 176 
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Stand 
103 


Full details of any of 
these outstanding 
instruments will be 
gladly given on re- 
quest. Literature for 
all of the range of 
Cawkell precision 
instruments is 
available to those 
interested. 


4 The Remscope 
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There is nothing 
to compare with 


CAWKELL instruments 


Reliability of design and precision of manufacture are the keynotes of 
all Cawkell instruments. Our specialised range makes no concession 
to mass-production techniques, and we are constantly testing and 
improving even those instruments that are already unique in 

their properties and the facilities they offer. 


Society’s Exhibition 


CAWKELL sii 
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In the design and production of thoroughly reliable 
electrolytic capacitors, Plessey have for years held 
a commanding lead. To every new demand made 
by rapid developments in radio, television and 
electronic equipment Plessey can respond by 
bringing to bear unrivalled experience, tremendous 
resources and highly skilled staff. Such is the care 
taken to obtain impeccable standards of quality 
and performance, that virtually clinical conditions 
of manufacture are maintained in the superbly 
equipped laboratories and workshops. These same 
exacting standards are imposed throughout the 
comprehensive range of capacitors produced 
by Plessey. 





Whatever the requirement | Plessey ] provides the finest component 





THE PLESSEY COMPANY LIMITED 


Capacitors & Resistors Division: Kembrey Street -Swindon. Wiltshire . Tel: Swindon 6211 
Overseas Sales Organisation 


PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND 
Telephone: Iiford 3040 . Overseas Telegrams: Plessinter Telex Ilford 
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SOFA RRO)N| 


POWER 
OUPPLIES 


* 
h | g h For a highly stabilised power supply, capable of handling the severest load 
conditions, use a Solartron chokeless power supply, which is not ‘just another power 


volta e supply’. Built to satisfy the most stringent requirements of pulse applications, the 
g Solartron chokeless supplies may be pulsed from zero to full load without loss of 


Cc h O ke | e S Ss control. Rated for continuous operation under full load conditions. 


BENCH UNITS 


CHOKELESS POWER SUPPLIES 
SUB-UNITS 


—— Highly stabilised 100 V—400 V coverage 


owe r -—— Each unit continuously variable over 100 V range 
p ——~ Isolated outputs for ‘floating’, +ve or —ve supplies 
“~~ Negligible ripple and noise 


S Uu p p | i e SD ~~ Noelectrolytics 


D.C. Output 


Voltage 200—300 V 300—400 V 200—300 V 





TRANSISTOR POWER SUPPLIES 
BENCH UNITS 


Current 100 mA 100 mA 200 mA 200 mA 




















Ripple and noise 1 mV pk-pk typical. Always < 2 mV pk-pk 





t . 
“oe —— 0.50 typical. Always <0.750. 





6.3V, 4A, CT 6.3V, 4A, CT 6 3V, 4A, CT 6.3V, 6A, CT 6 3V, 6A, CT 6.3V, 6A, CT 
A.C. Outputs 6.3V, 2A, CT 6.3V, 2A, CT 6.3V, 2A, CT 6.3V, 6A, CT 6.3V, 6A, CT 6.3V, 6A, CT 
6.3V, 1A 6.3V,1A 6.3V, 1A 6.3V, 2A 6.3V, 2A 6.3V, 2A 

















Stability factor >400 : 1 





13° x 52° x 63° 13° x 52” x 63° 13” x 52” x 63° 144° x 64° x 67° 153° x 64" x 63" 152° x 64° x 7” 
Dimensions (300x147x175 mm) (300x147x175 mm) (300x147x175 mm) (371x168x175 mm) (400x168x175 mm) (400x168x178 mm) 
(Allow +” (approx. 8 mm) for screw heads on length and width measurements for ali units) P 





Weight 18 Ibs (8 kg) 18 Ibs (8 kg) 18 Ibs (8 kg) 22 Ibs (10 kg) 27 Ibs (12.3 kg) 29 Ibs (13 kg) 




















Prices (UK) £38 £38 £38 £52 £52 £57 





*AS 952, AS 956 available as cased bench-units AS 972 (£55), AS 973 (£70) respectively. 





SUB-UNITS 


Mains Input 110/220V + 20 V, 50-60 c/s. 
Permissible mains variation + 7% of nominal. 














Write now for further details on these units and our 
resi ‘ comprehensive range of Choke-filter and Transistor Power Supplies. 
l 


e . 
& a SOLARTRON LABORATORY INSTRUMENTS LTD 
~~) OUPAN , PRO) | Cox Lane, Chessington, Surrey. Telephone: LOWer Hook 2150 
Bie ‘ Cables: SOLARTRON CHESSINGTON 
Telex: 23842 SOLARTRONT.DIT @G Amember of the Firth Cleveland Group 


TRANSISTOR POWER SUPPLIES 


\ 
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STABILISED 
POWER 
SUPPLIES 


MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 
Resonator Supply 250 V — 400 V. 0-50 mA. 
Reflector Supply 50 V — 400 V. 0-50 microamps. 
L.T. Supply 5.5 V — 6.5 V. D.C. 0-l Amp. 
Aux. Supply for associated circuitry 400 V. 0-20 mA. 
Stability better than 0.2%, on H.T. lines for input 
variations + 10%. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex-works. 





MODEL 508 


0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps. A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1°% for input variations 10%, 
and no load to full load current. 
Ripple less than 3 mV R.M.S. 

PRICE £98 ex-works. 








MODEL 3798 

0 — 50 V. D.C. 100 mA. 

6.3 V. 5 Amps. A.C. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations + 10°, and no load to full 
load current. 

Ripple less than | mV R.M.S. 

PRICE £60 ex-works. 








ELECTRONIC = cueetsey ROAD 
INDUSTRIES © °*fseet *te 
LIMITED : 
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meet the 
Ee |6hClCr PLANNETTE 


—its ony 2 deo =a ew blower 


for forced air cooling 
in confined spaces 


Here, for the first time, is a blower that makes efficient forced SC 
air cooling in confined spaces a practical proposition. In the 
new PLANNETTE the entire fan assembly is only 2” deep 


and this makes it ideal for projects such as computers, 


DESCRIPTION 


The new ‘Plannette’ fans are available in two 
sizes, 44” and 6” diameter. The casing is light 
alloy, die cast, and the impeller blades, which are 


electronic black boxes, mobile radios, or electronic instru- of a special aerofoil section, are moulded plastic. 


ments. The PLANNETTE can be mounted either inside or 


on top of the cabinet and thus it makes cooling possible 


The motors are a.c. and may be arranged either 
for 230V 1-ph. 50 cycles or 110V 1I-ph. 50 cycles. 
The nominal operating speed is 2,700 r.p.m. 
Noise level is extremely low. 


Mf A 
QUUEUUAEAUDUUEEU UNG OADOEEOORDOOOTAEDOEUIOF: 


where space is insufficient to fit a conventional blower. Its 
performance is quite exceptional. Writenow for detailed leaflet. SUUUNEEUUUOEEUOUOOAEUONGEOEUOAEGGEEUAOGEEODOOOGADOOOOEEOAOOEEOOUOEGEUAEESOAFE: 


4 
al 


PLANNAIR PLANNAIR LIMITED 


Windfield House «+ Leatherhead + Surrey 
Tel: Leatherhead 4091/3, 2231 
WM PAR 
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so you think 


COSsSSOR 


specialise only in 


THEN TAKE A LOOK AT THESE OSCILLOSCOPES 


Oe lente hades eta aha iF 


5) AF gitdhe + Slaw 


15. eat ied ey dale Boba 5 $ 
ab og Settee ined oe wegen SS 


‘ee 


Single-beam Model 1065 
Response DC to 11Mc/s (30% down). For 
fast pulse phenomena examination in TV, 
radar computers, and pulse circuitry. 
Sensitivity: 250mV/cm. Sweep delays 0-1m 
sec and 1-Omsec 


Va; as 


Single-beam Portable Model 1039 
Response 25c/s to 1-5Mc/s (30% down). For 
industrial and service engineering in field 
and workshop—for alignment of TV and FM 


receivers. 
Sensitivity: 150mV/cm. Weight 104/b. 


Tere 


z Ps . ’ X aver 
be A BAPE a RR Ta ; 
Pah es Ls re NTC ee Dt 
fae 


ERY Routan! yee ta ntge ty : 
the i> EA TATE 
SPO PTET OANS cee ROU Ee te A 


Split-beam Portable Model 1091 
Response DC to 3Mc/s (30% down). For 
Production line testing and laboratory work. 
Sensitivity: 50V-0-5V/cm (identical 
amplifiers) 


Cossor make the most extensive and advanced range of oscilloscopes in Europe. The very extent of the 
Cossor range ensures that there's a Cossor model to cater most efficiently and economically for your particular 
needs without undue and wasteful overlap. And the range is continually growing and advancing—new 
concepts—new models—new facilities, many of them unique, as for instance, a range of plug-in units for a 


multiplicity of purposes on the Cossor model 1076 for DC to 60/100Mc/s. 


But for the ordinary everyday use of oscilloscopes, the extraordinary Cossor reliability is your investment 
and safeguard. The logical positioning of the controls for simplicity and ease of use wiil rapidly familiarise you 
with any Cossor model, making it your most hard-working and versatile investigating and measuring instrument. 





Signal Generators 


Amplifiers 


aS 8 


, 
vies 


Nt 


Laboratory Power Supply Model 
1328, Transistorised, for transistor- 
ised equipment. Output continuously 
variable 0—30V at 1A. Ripple < ImV. 


Power Supplies Square Wave Generaior Mode! 1090. 
Rise Time: 3 to 4 millimicroseconds, 
gives 0.5V into 75 at frequencies 


0.30—1.25Mc/s. 


General Purpose Signa! Generator 
Mode! 1450. Frequency: 150kc/s to 
390Mc/s, Accuracy + 1% up to 33 Mc/s 

2% over. Doubly Screened, internal 
and external modulation. 


< 
: 


é 


Transistor Testers 


LCR Bridges 


Sa 
ye oN 


o 


¥ 


TTTTTTT TLL LLL 


‘ 
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Valve Analysers 


fas 
$ 


Transistor Tester Mode! 1325. For 
quick and accurate measurement of 
the parameters of all transistors 
including high gain and power 
transistors. 


Wide-band Amplifier Model 1439. 
For simultaneous distribution from 
common aerial of all bands I, ll and ill 
4o number of TV and VHF receivers. 


¥ 
; 


LCR Bridge Model 1446. With miniature 
C RT Indicator. 10UH to 10H, 10pF to 
100pF,1S2, to 10MS),. Quick and accurate. 


Hydraudynes 


my a h 
oe &8% 
ALD 


os 


Transducers 


AEE ANY 


Signal Delay Units 


‘hi 


4 


Signal Delay Cables 


mare 
ty 


. 


VEO ges 
4 ~ “sh | 
CLIP aTid 


ae We ie ois ve. 


Split-beam Model 1035 
Response (30% down): A1 5c/s to 5Mc/s, A2 
5c/s to 250kc/s. For Research and industrial 
applications requiring high sensitivity and 
wide band width 


The Cossor 
range is growing 
all the time— 
change up to 


Cossor... 


+ 


4 
. 


f 


x 


COSSOR 


Split-beam Model 1049 
Response (30% down): Ai DC to 200kc/s, 
A2 DC to 400kc/s. For servo control, elec- 
trical engineering, vibration analysis electro- 
medical instrumentation 


“ Sel. beam Model 1059 
Response (30% down): 1c/s to 10Mc/s. For 
precision measurements over a wide band 
of frequencies. Sensitivities calibrated 100 
mV/cm to 10V/cm (identical amplifiers) 


Send for full descriptive list of the Jatest 
Cossor Oscilloscopes and other instruments. 


Cossor Instruments Ltd. 


Cossor House, Highbury Grove, London N.5 
Telephone CANonbury 1234 
a member of the Cossor Group of Companies 
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41s & Capacitor ? 


WwW Compac 
Ho What capacitor ? 


no 


= They’re all different. 


est then? 


SUFLE ¢ 


Well, which is the b 


of Course ! 
Suflex ? 


Yes, they're the most reliable because Suflex are Masters 
Polystyrene capacitors can of the Empirical Art of Heat Shrinking (for resistance 


be made smaller, pF for pF, to humid conditions) and Ageing (for stabilization of 
than any other condenser of 





comparable performance. parameters). 


attacked. They should be swollen up about all that! 


250 pF. 125 Volt Capacitor. 
Actual size. Perhaps, but they’re not. {n fact they’re about the 





compactest capacitor to be had. We've used them for ages. 


SUPLEX tine ws en ses eating 7733 
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From analogue input 
to digital output 


Tae 
to 0-1/, 
accuracy 


with the transistorised 
CONVERTER L281 


This equipment, a vital component for fast data logging systems, 
samples an input analogue voltage and gives a digital output 
available in parallel or serial form, in pure binary or binary 
coded decimal. 


Sampling time less than 1 msec, with maximum 
sampling speed 1 kc/s. 


Accuracy to 0.1%. 

Pure binary or binary decimal conversion. 

Internal or external clock facilities. 

Compact construction, 5} in. in standard 19 in. rack. 
Fully transistorised. 


Please write or ‘phone for further information on this outstanding equipment. 


& oo CORR 
MULLARD EQUIPMENT LIMITED wmutiara House - Torrington Place - London WC1 - Telephone: LANgham 6633 
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GD537 


Europe’s most complete range 


electro-mechanical 


‘VIBRATION GENERATORS 


2/lb. to 18,000/b. thrust force 


Environmental testing at each 
stage of development- 


va7 
Peak thrust 2!b. ¢ 

















simulating the severest field 





conditions of vibration- 














gives modern components and 


equipment ‘built-in’ mechanical 8 


and functional reliability. 
8/600A Mk.11 


GOODMANS Peak thrust 
Vibration Exciters and we 
Oscillator Power Amplifiers 

provide the means for 

this analytical approach: 


VG108 Mk.11 
Peak thrust 
5,300Ib. 
































790 
Peak thrust 
35Ib. 





























~ 


ee 








Whatever the problem . . whether fatigue, 
torsional or structural investigation . . consult 


e501 OF 8)... oO» F_-. 


the vibration specialists 


Accredited Agents: HAWNT & CO. BIRMINGHAM 
FARNELL INSTRUMENTS LTD., WETHERBY, YORKS. 
JOHN BOLTON & CO. EDINBURGH 


VG109 Mk.11 - Peak thrust 18,000Ib. 


GOODMANS INDUSTRIES LTD, AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND - Wembley 1200 (8 lines) - Cables: Goodaxiom, Wembley, England 
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Reliable communications from Japan 


NEC’ 
Crossbar 
automatic |§ 
switchboard | 
with 
new 











long-life 
relay 


60-line crossbar automatic switchboard requires no special room for instalia- 
tion, may be mounted against the wall. Operates from regular power source. 


Crossbar switching equipment is considered the most stable and economical 


system ever devised. It uses relay operation, with few moving parts to cause Life expectancy of 1,000,000,000 operations ! 
mechanical wear. 7 

is wire-spring 
All voice path contacts in NEC’s crossbar switchboard are of platinum or relay bes wz 
longest life o 


palladium. The new wire-spring relay has the longest life of any known relay. haa alien ei 


These features give this equipment an estimated life of 40 years. 


The NEC 60-line PBX equipment offers practically maintenance-free private tele- 
phone service. It can increase efficiency and cut overhead costs for banks, 
hotels, hospitals, commercial companies, railways, police and others requiring 
modern private switchboard facilities. Catalog on request. 


<E> Mppon Electtic Co., Ld. sro, s0p0n 


Electronics / Communications Systems 
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developed. Ope 
tation time is 
about 3.5 milli 
seconds. Palla 


dium contacts 
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For high performance computing systems 


105D2V 
Resolver 


The 105D2V is a high precision, high impedance Size 15 Resolver wis 
a resolution error of 0.1 °% and feedback or compensation windings on 
the stator, for application in high performance computer systems. 


This Resolver (USA BU-ORD MARK 4 — MOD | RESOLVER) 
provides accurate trigonometrical functions of a given input voltage 
or is used to interchange rectangular and polar co-ordinates. It can 
also be used as an accurate Synchro in four wire data transmission 
systems and as a precision phase shifter. 


Through-bore construction is employed and every winding is termin- 
ated at an isolated screw type terminal block thus eliminating all 
internal connections. 


Technical specification 


Number of windings 


Excitation winding 

Excitation frequency 

Voltage Rating 

Test Voltage 

Input Impedance, Nominal 

Transfo » Ratio 

Phase SI! 

Resolutioi 

Null Point L 

Total Null Volts 

Fundamental! Null Volts 

Tuned Impedance, Nominal 

D.C. Resistance (Norninal), 
ohms 


Moment of Inertia 
Weight 
Operating Temperature 


Bee 
a re 
Feedback . . . 
Stator 
400 c/s 
26/26 V 
15S V 
480( + 15%) 

+ j2500 ( 
0.98+- .01 
8.5° +0.5 
0.1% 
5 mins. 
15 mV 
8 mV 
10,000 ohms 
390 Stator 
320 Rotor 
520 Feedback 
9.25 gm cm2 
6.2 oz 


—55+75°C 


10%) 


EDDES HOUSE -: EASTERN AVENUE WEST 
Telephone: Seven Kings 6050 
liford Tel: 


KETAY LIMITED - 
ROMFORD ESSEX 
International Limited liford 3040 

Mr 


1961 


Overseas Sales Organisation: Plessey Essex 
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CRAWFORD SPRING WORKS : NORMAN ROAD ° ROCHDALE 
‘ ‘Phone: Rochdale 40415 ‘Grams: “Recoil’’ Rochdale Telex: 63178 


Cw. 5379 
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arsenic- 


one of the extensive range of The growing interest in intermetallic compounds— 
particularly in the III-V series—has created a demand 
for a number of metals in an extremely high state of 
purity. One of the many materials that Johnson 
Matthey can offer to this important semiconductor 
field is grade I arsenic—now available in lump form 
with a maximum metallic impurity content of only 
5 parts per million and supplied in sealed glass tubes. 


JMC specialised products for 
semiconductor devices 


Further particulars of this and other JMC materials for 


semiconductor devices now available on request. 
One of the Specialised Products of 


Johnson “> Matthey 


JOHNSON, MATTHEY & CO. LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.!. Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. _ Telephone: Central 8004 75-79 Eyre Street, Sheffield |. Telephone: 29212 
06/259 
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L.788/FP FREE PLUG, Coaxial 

L.788/CS FIXED SOCKET, Coaxial 
L.788/BS BULKHEAD SOCKET, Coaxial 
L.788/FS FREE SOCKET, Coaxial 


Nominal impedance: 75 a 


Capacitance of plug and socket measured at | Mc/s: 1.9 pF 


‘SCREENECTOR’? 
PLUGS AND SOCKETS* 


A range of lightweight screened connectors 
having |, 2, or 3 poles 


These versatile connectors of moderate dimensions and high 
insulation resistance (6 x I10‘MQ) are becoming increasingly 
popular for use with cables of up to 0.24” dia. over the braid. The 
moulded inserts are interchangeable so that plugs and sockets can 
be assembled in male or female housings. Contact resistance is 
less than 2 mQ per pole; current rating § amp; working voltage 
150 V. pk. 


TERMINALS - PLUGS & SOCKETS* - GLASS SEALS 
CIRCUIT PROTECTION DEVICES 
INTERFERENCE FILTERS - RECEIVING AERIALS [SS 


BEL 


MRBR 


L.789/FP FREE PLUG, 2-pole 
L.789/CS FIXED SOCKET, 2-pole 
L.789/BS BULKHEAD SOCKET, 2-pole 
L.789/FS FREE SOCKET, 2-pole 


Nominal impedance: 100 o 
Capacitance of plug-and-socket measured at 
1 Mc/s: 
Conductor/Conductor, 1.4 pF 
Conductor/Screen, 2.3 pF 


L.790/FP FREE PLUG, 3-pole 

L.790/CS FIXED SOCKET, 3-pole 

L.790/BS BULKHEAD SOCKET, 3-pole 

L.790/FS FREE SOCKET, 3-pole 

Capacitance of plug-and-socket measured at | Mc/s: 
Conductor/Conductor, 2.0 pF 

Conductor/Screen, 2.7 pF 

L.788/C PROTECTIVE COVER 

A dirt- and water-proof cover for all fixed members; 

Supplied with captive chain. 


Most ‘'Belling-Lee’’ products are covered by 
patents or registered designs, or applications 


ING ¢ LEE LTD 


x ENGLANT 


Regd Telephone: Enfield 5393. Telegrams: Radiobel, Enfield 
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the versatile NYLON 6 Polymer made 
by AKU-Arnhem-Holland 


AN OUTSTANDING MATERIAL 
for the ENGINEER 


AKULON, with its outstanding pro- 
perties: 

High Tensile Strength. 

High Impact Strength. 

Excellent Wearing qualities. 

Good Temperature Resistance. 
Lightweight. 

Good Chemical Resistance. 
Noiseless in Operation. 

Easy to Machine. 


CONSIDER the advantages of AKULON 
for: 


Gears. 

Bearings. 

Cams. 

Catches. 

Belts. 

Wheels and Rollers. 

Pulleys and all Moving Parts, 
subject to light loading. 


AKULON, available in natural as well 
as in a wide range of standard colours. 


Full technical details and advice on 
request. 


Verenigd Plastic-Verkoopkantoor N.V. 
(Plasttrading Ltd.) 
Zeist (Holland) 


MARKETED IN THE U.K. BY: 


BX PLASTICS LIMITED 
LONDON E.4. 
Stock depots at 
BIRMINGHAM 
MANCHESTER 
GLASGOW 
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—" and om of 
Data Logging 





es 55 - . 
Q How to receive simultaneously 
frequent readings from fifteen 
indicating instruments and to present 


the resulting information in a readily 





assimilable manner, 


The equipment illustratedjwas designed and built for Laurence-Scott & Electromotors 

Ltd. and will interrogate simultaneously fifteen shaft position digitisers, transferring 
that information to a bank of storage relays. Each channel is then decoded in turn and the 
readings emerge in typewritten tabular form. 


This is only one of several equipments of a similar type which has been designed and built 
by Gresham Lion Electronics Ltd, 











RECORDING HEADS 


That two heads can be better than one is particularly true when 
cross-talk between adjacent tracks must be reduced to an absolute 
minimum. There is a Data Sheet describing this pair of 8-track 


interlgced Gresham Recording Heads—yours for the asking. 


a Dey or ee “ 
’ M 4 ’ . 
| i de ID ae oie 7 wt : 
7 tay *: ha ‘ 
a ade 


GRESHAM LION ELECTRONICS LTD 


TWICKENHAM ROAD 


HANWORTH MIDDX 
TELEPHONE FELTHAM 2271 
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miniature, high efficiency D.C. motors. cm. grms at 170 r.p.m., or dewn to 18 cm. 
Available in three sizes, the largest of grms at 2,500 r.p.m., with an electro to 
Are electrical design engineers ever im- which measures only two inches long by mechanical efficiency of as high as 70%. 
pressed? Do they whistle with admiration one inch in diameter, these motors have The working temperaturerange is —35 degrees 
at such things as servo-components? working voltages which go up to 4v D.C., to +65 degrees C. 
If they do, many we suspect, will be whist- but they will turn on a signal as low as__ If you would like further information on these 
ling soon at this range of Siemens-Halske 50 m.V. Available torques are up to 270 or our A.C. servo range, please write to:— 


& RELAYS 


LIMITED 


B & R RELAYS LIMITED - TEMPLE FIELDS - HARLOW - ESSEX 


Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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Transistorized 
UNIVERSAL 
COUNTER 


TIMER 


This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 

Frequency Measurement measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


Random Countin 
c 9 TIME/UNIT EVENT (1 LINE): For the measurement 


of the tie interval between two occurrences in a 

continuously varying electrical function in the 

range 3usec to 1sec. The time for 1, 10 or 100 
Frequency Division such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 


Time Measurement combination. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 
0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Frequency Standard 


Full technical specification available on request. 


RANK CINTEL LIMITED 
CINTEL WORSLEY BRIDGE ROAD - LONDON - SE26 
HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Lid. Industrial Estate, Thornliebank, Glasgow ; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hewnt & Co. Ltd., 112/114 Pritchett Street, Birmingham, 6. 
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DMI60 


VOLTAGE 
INDICATOR TUBE 


OPERATING 
CHARACTERISTICS 


Filament voltage 1.0V 
Filament current.........30mA 
Anode voltage... 50V 
Grid resistor 100ko 


Grid voltage for maximum 
light output OV 


Anode current at maximum 
light output 585uA 


Grid voltage for zero 
light output —V 


Anode current at zero 
light output huh 


CLEAR, COMPACT, CERTAIN visual on/off indication 
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Commentary 


Te New Year is once again upon us and, as always, 
it is a time for looking back and reviewing past 
achievements and, perhaps more important, for assima- 
lating the results and assessing the reasons for past 
failures. Fortunately it is also a time for the more 
exciting process of looking forward into the year ahead: 
to resolving and planning to do even better than in the 
year that has gone. 

A detailed review or analysis of 1960 will not be 
attempted at this time for the events of the last twelve 
months are still too close to us for a true appraisal to 
be made. Indeed, from a technical viewpoint it is quite 
impossible, for it is only those of superhuman perception 
who can readily assess the true worth of an invention 
or a new theory the moment it is announced. 

There are, however, other and more factual matters on 
which comment may be made and, all in all, it would 
appear to have been a year of consolidation rather than 
of dramatic progress. While the circuit between cause 
and effect of the economic restrictions imposed by the 
Treasury was apparently possessed of a somewhat long 
time-constant, their effect is now being felt and the elec- 
tronic industry, in common with most others, has suffered 
to some extent. As would be expected, the domestic side 
of the industry has been most affected but, nevertheless, 
it has been, taken all round, a satisfactory and prosperous 
year. Indeed, although there has recently been much 
talk of a recession in trade, practically all of the engin- 
eering industries are now running at a level that was 
undreamed of before the war. 

The year has had, of course, its moments of sadness 
and we join with the rest of the industry in mourning the 
deaths of, among others, Mr. Philip Ray Coursey a 
director of the Dubilier Condenser Company, Air Mar- 
shal Sir Raymund Hart the Director of the Radio 
Industry Council and more latterly Dr. G. W. O. Howe, 
Emeritus Professor of Electrical Engineering of Glasgow 
University. By present day standards the deaths of the 
former two were somewhat premature but Professor 
Howe had lived a full, and certainly exceeding useful life, 
which spanned eighty-four years. He will, perhaps be 
best remembered for his long series of notable editorial 
articles in our erstwhile contemporary the Wireless 
Engineer. 

Looking forward into 


1961 it is both difficult and 
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dangerous to make and none will be 
attempted. 

It is, however, certain that if the present financial res- 
trictions are retained industry as a whole will settle down 
to a much slower rate of expansion than has been preva- 
lent in the years since the war. It also appears likely 
that America and Japan will be offering fiercer competi- 
tion in many of the world’s markets. With regard to 
Europe it again appears likely that there will be a greater 
degree of integration and a freer flow of trade between 
ourselves and the Continent: this, of course, is in some 
ways a two edged sword for, while it increases our export 
potential it necessarily implies greater foreign competition 
in our home market. In the face of all this it is not 
unlikely that the year will see further amalgamations 
between firms of similar and complementary interests. 
While ft be sad to see famous names disappear and in 
many ways regrettable to see the end of competition 
between rival firms, for after all competition is the greatest 
stimulus to progress, it is clear that an ever increasing 
proportion of our efforts must be directed towards ex- 
ports and there is no doubt that further integration and 
rationalization of our industries will help towards this end. 

On the entertainment side there is a fair prospect that 
the future of television in this country will soon be 
settled. In the present economic climate it is rather 
unlikely that the introduction of colour television will be 
countenanced but a third monochrome programme may 
well be inaugurated: while this will be of some benefit to 
the capital goods side of the industry it is unlikely that 
it will have any great effect upon the television receiver 
manufacturers. 

In the industrial field the year ahead should see further 
steady progress. Electronic forms of control are now 
accepted by almost every industry and there is no doubt 
that semiconductors, in the short time since their inven- 
tion, have done a great deal to foster this attitude. As 
a short report, elsewhere in this issue, shows their use is 
even contemplated by British Railways for signalling and 
control purposes; an application which,demands the 
utmost. in reliability. 

In any science a major breakthrough may be ‘just 
around the corner’ and such may be the case in 1961 
but, if we cannot forecast such an event we can at least 
wish our readers a most happy and prosperous New Year. 
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A Wide Band Voltage Controlled Oscillator 


By M. A. Weston* 


This article describes a method of obtaining electronic tuning of an oscillator over a wide band 
of frequencies in the megacycle range. 


The 


circuit is essentially 


that of an LC oscillator, the 


frequency of which is varied by 


electronically switching a number of fixed capacitors across the tuning inductance. The various 
factors affecting oscillator linearity and stability are discussed, and the circuit diagram of an oscil- 
lator covering the range 1-5Mc/s to 3‘OMc/s with a maximum non-linearity of 0-5 per cent is given. 


(Voir page 60 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 65) 


VOLTAGE controlled oscillator (v.c.o.) is an oscillator 

in which the frequency of oscillation is a func- 
tion, desirably linear, of the applied voltage. The v.c.o. 
described in this article is an example of a method which 
may be used to give stable linear wide band deviation of 
a self-excited oscillator at almost any frequency at which 
lumped circuit techniques are practicable. 

The particular v.c.o. described here has been developed 
for a missile radio telemetry application. The rather 
stringent requirements are for a non-linearity of less than 
one per cent, attainment of a steady frequency within 4 
few microseconds of a step input voltage change, a 
negligible amount of microphony when the oscillator is 
subjected to heavy mechanical vibration, and a high degree 
of stability of the output frequency when the oscillator is 
subjected to reasonable supply voltage variations, valve 
characteristic changes, and component value drifts. 

The stability and microphony requirements may best be 
met by a circuit in which the frequency is determined as 
far as possible by passive elements. Valve or semiconductor 
devices must either be operated in ‘ on-off’ conditions or 
be stabilized by heavy negative feedback or other means. 


Principle of Operation 

The circuit described is essentially an LC oscillator, the 
tuning capacitance of which is electronically varied by 
switching a number of fixed capacitors acrcss the induct- 
ance, the number actually switched into circuit at any 
instant being dependent on the value of the d.c. control 
signal voltage. The switching action is achieved by varia- 
tion of the bias applied to silicon diodes which are con- 
nected in series with the capacitors. 

In general, for any one value of control voltage all 
but one of the fixed capacitors are either in or out of 
circuit for the whole oscillation period. The remaining 
capacitor is in the process of being switched in (i.e. it will 
be in circuit for a fraction of the oscillator cycle depend- 
ing on the precise value of the control voltage). This is 
achieved by biasing the diodes from successive tapping 
points on a potential divider across which a fixed p.d. 
is maintained. The control signal voltage must approach 
this diode bias voltage for the switching action to 
commence. 

Since each capacitor is gradually switched into circuit 
the oscillator frequency is continuously variable. The value 
of each capacitor is chosen to give a linear frequency law. 


Circuit Arrangement for Obtaining 
a Variable Capacitance 

One simplified section of the variable capacitance net- 
work is shown in Fig. 1. The complete tuning capacitor 
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employs a number of these sections in parallel, but each 
section has different values of C, C’, V2, and R according 
to its position in the tuning range. C is the tuning capa- 
citor, and the purpose of the small capacitor C’ is to main- 
tain the diode capacitance as a constant fraction of C for 
the different sections. This ensures that equal voltage steps 





C' includes self capacitance 


cm of both diodes 
orate il ae ce 
circuit | ‘ 
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a | an t 
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signal 


One section of the variable capacitor 











Fig. 1. 


will be required to switch C in and out of circuit, provided 
of course that the voltage across the oscillator tuned 
circuit is constant. When the control signal voltage is 
more negative than V2, (but more positive than —21V) 
MR; will not conduct and a current determined by R flows 
through MR, and MR). If this current is greater than the 
peak a.c. C will be in circuit for the whole of the oscillator 
cycle and hence the total capacitance is C. If the control 
voltage exceeds V2 by more than the peak-to-peak oscil- 
lator voltage at the junction of C and C’, MR; and MR, 
are non-conducting for the whole oscillator cycle and hence 
the tuning capacitance becomes that of C and C’ in series. 

To prevent large forward currents flowing through 
MR; and MR; and into the signal source when the signal 
voltage is less than V2, the signal is applied to MR; through 
R and MR:;, R then limits the forward current to its 
required value. 

In the oscillator to be described ten diode- capacitor 
sections are used, hence the main change of capacitance 
is due to complete switching of capacitors in and out of 
circuit. However, as a continuously variable frequency is 
required it is necessary to consider the variations of effec- 
tive capacitance with input voltage of one section in the 
region where C is switched into circuit for only a fraction 
of the oscillator cycle. 


Calculation of the Effective Capacitance of One Section 
As stated above, when the control voltage to a section 
exceeds the section bias V2 by a large margin the effective 
capacitance is that of C and C’ in series, and when the 
control voltage is smaller than the bias the effective capa- 
citance becomes C. The effective capacitance over the range 
of input levels over which the capacitance is being gradually 
switched into circuit will now be investigated in detail. 
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For simplicity of explanation the simplified equivalent 
circuit of Fig. 2 will be considered. Ideal diode charac- 
teristics will be assumed. In this V2 is made zero, the 
input signal V, is applied directly rather than through the 
forward current limiting device, and V, is shown with 2 
centre-tapped earth connexion, so avoiding the need to 
consider irrelevant d.c. potentials across C’. 

Fig. 3(a) shows the oscillator tank circuit voltage 
Vicos 6. When the diodes are biased completely off the 
voltage across C’ is: 


KV.cos 6, where K = 


Cc 
Cie 
If V, is now reduced to less than 2KV;, the voltage V.’ 
across C’ will be limited to +4V, and the waveform of 
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(Fig. 3(b)) 
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Fig. 3. Circuit waveforms 


Fig. 3(c) results. At 6 = 0, the voltage equals 4V, and 
subsequently follows the same slope as in Fig. 3(b), until 
4 V, is reached at @:. After this point the voltage remains 
at this level until +. This waveform then repeats (but with 
opposite polarity) until 2+. Thus the equations for Vc’ are: 


between 0 and@ Vc’ = KVicosé6—KVi+4V, .... (1) 
6, and x Vo’ = 
xz and@ Vo'= KV; cos 6+KV, 
6, and 27 

The voltage across C Vc is the total oscillator volt- 

age V:icos@ minus Vc’, hence: 

between 0 and@ Ve = (1—K)Vicos6+KVi-—4V, .. (5) 
@:andz Vce=Vicos6+4V, 
x and@ Ve = (1—K)Vicesé—KVi+4V, .. (7) 
62 and 2x Vc = Vicos@6 - 


If the oscillator frequency is » then the total oscillatory 
current into the section is the current into C, ic, also 


ic = C (dVo/dt) = wC (dV c/d@) 
therefore differentiation of equations (5) to (8) yields: 
—wC (1 — K) Vi sin 6 
wC V; sin 6 
—~wC (1 — K)Visin@ 
—wC V; sin 6 


between 0 and@ ic = 
G,andz ic= 
z and@ ic = 
6,and2z7 ic 
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This current is shown in Fig. 3(d). 

6, may easily be found. From equation (1) at (; 
KV,cos@ — KV, + 4Vsz —4V,, 
cos #; = 1 — (V./ KV) 

Also from symmetry 62 = ( + =. 


For a fixed amplitude of oscillation the effective capa- 
citance across the circuit is proportional to the funda- 
mental frequency component of the current leading on the 
oscillator tank circuit voltage by 90°, i.e. on the current 
ir in phase with —sin 6. 

Fourier analysis of the current ic given by equations (9) 
to (12) gives: 


n 
1 


it (2/ x) fwC( K)V; sin’ 6d0 + (2/ x) fwCV; sin’? 6d#é 


It is only necessary to integrate over the range 0 to z and 
then double the result since that part of the cycle from x 
to 2x gives exactly the same result as the first part, there- 
fore: 
I (wCV,/ 2) (x KA, (K /2) sin 26,) .. (14) 
Since: 
6, = cos* (1 
Equation (14) may be written: 
ir (wCVi/z) [= K cos (1 


(K/2)sin 2cos™ (1 


(Vs /KV,)) 


(V./KVi)) 4 


(V./KVi))] . (16) 


Since K Cue and since the effective capacitance «f 


the section Cer = ir/wV; equation (16) may be written: 


: Cc 
Cor = C] I oy ae 
m(C+C") 


4 : 
———— sin 2cos™' (1 
22(C +C’) 
This expression is only valid over the range V,/KV; 
from 0 to 2. For all other values Cour = C or the series 
equivalent of C and C’. 


(V./KV))) + 


(V./KV») | 
J 


A graph of Cor for one section plotted from equation 
(17) is shown in Fig. 4. 


Linearity 

‘Non-linearity * is defined as the maximum voltage or 
frequency error from linear interpolation between the end 
points of the range in question expressed as a percentage 
of the total range. 

The law of effective capacitance versus voltage for one 
section as given by equation (17) departs from linearity by 
approximately +5 per cent. The overall linearity of a 
number of sections to cover a given frequency range is 
proportional to the number of sections, the oscillator des- 
cribed uses 10 sections and gives a maximum non-linearity 
of +05 per cent. The theory applies only where the oscil- 
ator voltage is sinusoidal; if very few sections are used 
to give a large capacitance change a considerable fractien 
of the total oscillator capacitance is switched in and out 
of circuit during a cycle and severe distortion of the oscil- 
lator waveform will result, It will be seen from Fig. 4 
that the main departure from linearity for a section is due 
to the small change of effective capacitance with input 
voltage corresponding to points near maximum and mini- 
mum capacitance. It is possible in principle to improve 
the linearity of the complete oscillator by increasing the 
amplitude of oscillation relative to the bias increments 
slightly so that in this region more than one capacitor is 
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being switched at a time, however, since equation (17) is 
only approximately realized in a practical circuit this 
point has not been investigated theoretically. 

In practice the departure of the law of effective capa- 
citance of a section from that predicted by equation (17) 
is partly due to the change of diode capacitance with 
reverse voltage over the oscillator cycle, so that a varying 
current flows in the diodes even when biased completely 
off. Another practical source of error is due to the ‘in 
phase’ component of the currents of equations (9) to (12) 
damping the circuit. This causes slight variation of the 
amplitude of oscillation over the input switching range of 
one section. Also if the feedback current is not quite in 
phase with the oscillator voltage the circuit will oscillate 
off resonance by a frequency necessary to correct this 
error in the feedback angle, and as this off resonance fre- 


Oo 


O-9r 


EFFECTIVE CAPACITANCE CHANGE 


7 


! 
INPUT VOLTAGE 
Fig. 4. Theoretical effective capacitance of one section 








quency depends on the circuit Q a change of ‘ in-phase’ 
current will give a frequency error. 


Choice of L/C Ratio for the Oscillator 

A high Q circuit is desirable to enable the frequency of 
oscillation to be as independent of phase errors in the 
feedback as possible. 

Since for a given forward d.c. the switching diodes in 
series with the capacitors will have a constant resistance, 
the circuit Q neglecting coil losses is inversely proportional 
to C, (The a.c. is assumed to be small and the resistance 
variation due to it averages nearly to zero.) A high circuit 
Q together with a large L/C ratio also gives a high dynamic 
impedance and thus enables the oscillation amplitude feed- 
back control circuit to operate more effectively since the 
loop gain can be made higher, thus to satisfy both these 
requirements a high L/C ratio is required. 

The diode capacitance sets the lower limit to C’. To 
make all sections as similar as possible a constant ratio 
of C to C’ is desirable, therefore the maximum to minimum 
capacitance ratio of the whole circuit is C (CC’/(C+C’), 
and hence the corresponding frequency ratio is the square 
root of this, for a 2:1 frequency change C must be at 
least 3C’. This neglects other stray capacitances, and to 
allow for these C = 3-5C’ in the model described. 

If wider frequency ranges than about 2:1 are required 
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then the lower limit of C’ required for the high frequency 
sections may not be attainable because of diode stray 
capacitances. In this case the ratio of C to C’ must be 
varied from section to section and the tappings on the d.c. 
potentiometer are then no longer equal. 


Arrangement of Sections to Form a Complete 
Variable Capacitor 

Fig. 5 shows the circuit diagram of a complete v.c.o. 
designed to cover the range of 1-SMc/s to 3Mc/s. 

Referring to the top half of the circuit the variable 
capacitance essentially consists of 10 fixed capacitors C2-n 
which are connected across the tuning inductance L 
through the silicon diodes MRi-». The pair of diodes in 
each section are in parallel for the capacitor switching 
action, but are in series for the applied signal and bias. 
Each pair of diodes is biased from the potentiometer net- 
work Ri» and is connected to the input signal through 
the diodes MRz-». The voltage differences between 
adjacent tappings on the potentiometer are made equal io 
the peak-to-peak amplitude of oscillation at the input to 
the diodes, hence only one capacitor section is in the pro- 
cess of being switched into circuit for any one input 
voltage. 

The capacitance of each pair of reverse biased diodes 
is approximately 7-6 + (12-4/VV) pF. Account must be 
taken of this change of capacitance with input voltage for 
all the other ‘ off’ sections in calculating the capacitance 
values for any section which is to operate over a particular 
input voltage range. For most sections since this change 
is, however, small compared with C’, the change of capa- 
citance across the whole circuit due to one section at any 
reverse voltage in the non-conducting region may be taken 
as (actual change of capacitance due to reverse voltage) ~ 
(C/(C + CY. It is only important that the ratio of C to 
C’ is approximately constant during the variable capa- 
eitance region, thus for the purposes of calculating C’ the 
diode capacitance is taken to be as at —1V. 

The diode forward current flows from the potentiometer 
chain Ri», As this current varies according to the signal 
input the voltage at each tapping point will also vary 
slightly with applied signal, however, as this variation 
is unimportant for entirely ‘in’ or ‘out’ sections, the 
potentiometer resistance value for each section is chosen 
so that the voltage is exactly correct when the section is 
in circuit for half the oscillator cycle, and the error for 
other input voltages within the variable range is very 
sraall. 

The time-constant of the potentiometer network R1-s 
and its decoupling capacitors C22. must be short com- 
pared with the input pulse duration to enable the frequency 
to attain its correct value rapidly when an input change 
is made. 


Oscillator Amplitude Stabilization 

Since the expression for the effective capacitance of a 
section in the variable region is a function of the ampli- 
tude of oscillation Vi, it is essential to stabilize this 
accurately. The action of the stabilizing circuit must affect 
the oscillator tuning and circuit Q as little as possible, and 
the large and rapid changes of oscillator amplitude pro- 
duced by the signal input suddenly removing or adding 
capacitors to the circuit must be levelled out within about 
3usecs for the telemetry application. It is desirable to have 
controllable degeneration as well as regeneration, other- 
wise reduction in oscillator amplitude can only occur 
slowly by dissipation of energy in circuit losses even when 
the regeneration is entirely removed. 

Referring to Fig. 5 the circuit associated with Vi. 
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performs these functions. Regeneration is 
applied via Rs and degeneration through 
the reverse biased diodes V; and V:. The 
current through V; and Vz is not sinusoidal 
but only the fundamental frequency com- 
ponent need be considered since the tuned 
circuit is insensitive to all harmonics, 

Since V, gives a large gain the funda- 
mental component of the oscillator fre- 
quency at the grid of Vs is just sufficient to 
maintain oscillation at the required level. if, 
however, the amplitude of oscillation tends 
to change then V; and V2 conduct for a 
greater or lesser fraction of a cycle and 
increased degeneration or regeneration is 
applied to restore the original condition. 
Stray capacitance across V,; and V2 is 
approximately balanced by C3. The cathode- 
follower V; reduces the loading of V, across 
the amplitude regulating circuit. 


























V, and V2 VxX8123(CV4504) 


MR, to MR 1S301 
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Signal Input Impedance 

The forward current of the capacitor 
switching diodes flows through the current 
limiting resistors Ri-1. When the input volt- 
age to a section becomes more positive than 
the bias this current is diverted through the 
signal input diodes MRu-» and the signal 
source, thus the signal potential is now 
applied to the capacitor switching diodes. 
The current limiting resistor values are so 
chosen that the forward current through 
the diodes of any section is at least twice 
the peak a.c. of all v.c.o. frequencies, thus 
maintaining the diode incremental resistance 
low in the forward direction. 

The signal input impedance of the com- 
plete capacitor is thus low and non-linear. 
The emitter-follower transistors V7;-; in- 
crease this to about 5M. 















































Experimental Results 

A v.c.o. employing the circuit of Fig. 5 
and with the capacitors for each section at 
their theoretical values gave a maximum 
non-linearity of +24 per cent over the fre- 
quency range 1 550 to 2 995kc/s. This non- 
linearity was mainly due to variations in the 
phase of the feedback with frequency. A 
small trimming adjustment to Ci. to make 
the frequency correct at a number of signal 
levels within the input range enabled this 
non-linearity to be reduced to +0-5 per cent. 

The measured frequency stability with 
variation of supply voltage was such that 
a supply voltage variation of +10 per cent 
produced less than +1 per cent change of 
output mean frequency, linearity, or signal 
sensitivity. Vibration tests have shown the 
microphonic variation of frequency to be 
less than +0-2 per cent when the v.c.o. was 
vibrated over the frequency range 30 to 
2 000c/s at a level of 10g peak. 

A further v.c.o. constructed with the same 
mechanical layout as the prototype, but with 
the experimentally determined values of 
C: to Cu gave a non-linearity of +1 per 
cent without any trimming adjustments. 





Fig. 5. The v.c.o. covering the range of 1°5Mc/s to 3-0Mc/s 

































































Z2A68 





MR,, and MR,» 











JANUARY 1961 ELECTRONIC ENGINEERING 





being switched at a time, however, since equation (17) is 
only approximately realized in a practical circuit this 
point has not been investigated theoretically. 

In practice the departure of the law of effective capa- 
citance of a section from that predicted by equation (17) 
is partly due to the change of diode capacitance with 
reverse voltage over the oscillator cycle, so that a varying 
current flows in the diodes even when biased completely 
off. Another practical source of error is due to the ‘in 
phase’ component of the currents of equations (9) to (12) 
damping the circuit. This causes slight variation of the 
amplitude of oscillation over the input switching range of 
one section. Also if the feedback current is not quite in 
phase with the oscillator voltage the circuit will oscillate 
off resonance by a frequency necessary to correct this 
error in the feedback angle, and as this off resonance fre- 
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Fig. 4. Theoretical effective capacitance of one section 








quency depends on the circuit Q a change of ‘ in-phase’ 
current will give a frequency error. 


Choice of L/C Ratio for the Oscillator 

A high Q circuit is desirable to enable the frequency of 
oscillation to be as independent of phase errors in the 
feedback as possible. 

Since for a given forward d.c. the switching diodes in 
series with the capacitors will have a constant resistance, 
the circuit Q neglecting coil losses is inversely proportional 
to C. (The a.c. is assumed to be small and the resistance 
variation due to it averages nearly to zero.) A high circuit 
Q together with a large L/C ratio also gives a high dynamic 
impedance and thus enables the oscillation amplitude feed- 
back control circuit to operate more effectively since the 
loop gain can be made higher, thus to satisfy both these 
requirements a high L/C ratio is required. 

The diode capacitance sets the lower limit to C’. To 
make all sections as similar as possible a constant ratio 
of C to C’ is desirable, therefore the maximum to minimum 
capacitance ratio of the whole circuit is C (CC’/(C+C’)), 
and hence the corresponding frequency ratio is the square 
root of this, for a 2:1 frequency change C must be at 
least 3C’. This neglects other stray capacitances, and to 
allow for these C = 3-5SC’ in the model described. 

If wider frequency ranges than about 2:1 are required 
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then the lower limit of C’ required for the high frequency 
sections may not be attainable because of diode stray 
capacitances. In this case the ratio of C to C’ must be 
varied from section to section and the tappings on the d.c. 
potentiometer are then no longer equal. 


Arrangement of Sections to Form a Complete 
Variable Capacitor 

Fig. 5 shows the circuit diagram of a complete v.c.o. 
designed to cover the range of 1-SMc/s to 3Mc/s. 

Referring to the top half of the circuit the variable 
capacitance essentially consists of 10 fixed capacitors C2-1 
which are connected across the tuning inductance L 
through the silicon diodes MRj-». The pair of diodes in 
each section are in parallel for the capacitor switching 
action, but are in series for the applied signal and bias. 
Each pair of diodes is biased from the potentiometer net- 
work Ri» and is connected to the input signal through 
the diodes MRx-». The voltage differences between 
adjacent tappings on the potentiometer are made equal io 
the peak-to-peak amplitude of oscillation at the input to 
the diodes, hence only one capacitor section is in the pro- 
cess of being switched into circuit for any one input 
voltage. 

The capacitance of each pair of reverse biased diodes 
is approximately 7-6 + (12-4/VV)pF. Account must be 
taken of this change of capacitance with input voltage for 
all the other ‘ off’ sections in calculating the capacitance 
values for any section which is to operate over a particular 
input voltage range. For most sections since this change 
is, however, small compared with C’, the change of capa- 
citance across the whole circuit due to one section at any 
reverse voltage in the non-conducting region may be taken 
as (actual change of capacitance due to reverse voltage) x 
(C/(C + CV. It is only important that the ratio of C to 
C’ is approximately constant during the variable capa- 
eitance region, thus for the purposes of calculating C’ the 
diode capacitance is taken to be as at —1V. 

The diode forward current flows from the potentiometer 
chain R:-». As this current varies according to the signal 
input the voltage at each tapping point will also vary 
slightly with applied signal, however, as this variation 
is unimportant for entirely ‘in’ or ‘out’ sections, the 
potentiometer resistance value for each section is chosen 
so that the voltage is exactly correct when the section is 
in circuit for half the oscillator cycle, and the error for 
other input voltages within the variable range is very 
small. 

The time-constant of the potentiometer network R1-» 
and its decoupling capacitors Cx.2»5 must be short com- 
pared with the input pulse duration to enable the frequency 
to attain its correct value rapidly when an input change 
is made. 


Oscillator Amplitude Stabilization 

Since the expression for the effective capacitance of « 
section in the variable region is a function of the ampli- 
tude of oscillation Vi, it is essential to stabilize this 
accurately. The action of the stabilizing circuit must affect 
the oscillator tuning and circuit Q as little as possible, and 
the large and rapid changes of oscillator amplitude pro- 
duced by the signal input suddenly removing or adding 
capacitors to the circuit must be levelled out within about 
3usecs for the telemetry application. It is desirable to have 
controllable degeneration as well as regeneration, other- 
wise reduction in oscillator amplitude can only occur 
slowly by dissipation of energy in circuit losses even when 
the regeneration is entirely removed. 

Referring to Fig. 5 the circuit associated with Vi. 
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performs these functions. Regeneration is 
applied via Ry and degeneration through 
the reverse biased diodes V; and V2. The 
current through V; and V2 is not sinusoidal 
but only the fundamental frequency com- 
ponent need be considered since the tuned 
circuit is insensitive to all harmonics, 

Since V, gives a large gain the funda- 
mental component of the oscillator fre- 
quency at the grid of V3; is just sufficient to 
maintain oscillation at the required level. if, 
however, the amplitude of oscillation tends 
to change then V; and V2 conduct for a 
greater or lesser fraction of a cycle and 
increased degeneration or regeneration is 
applied to restore the original condition. 
Stray capacitance across V; and V2, is 
approximately balanced by Cs. The cathode- 
follower V3; reduces the loading of V, across 
the amplitude regulating circuit. 


























V, and V2 VxX8123(CV4504) 


V3,V4 and Vs VX8I22 (Cv4502) 


MR, to MRs- 1S301 


























Signal Input Impedance 

The forward current of the capacitor 
switching diodes flows through the current 
limiting resistors Rw... When the input volt- 
age to a section becomes more positive than 
the bias this current is diverted through the 
signal input diodes MR2x.% and the signal 
source, thus the signal potential is now 
applied to the capacitor switching diodes. 
The current limiting resistor values are so 
chosen that the forward current through 
the diodes of any section is at least twice 
the peak a.c. of all v.c.o. frequencies, thus 
maintaining the diode incremental resistance 
low in the forward direction. 

The signal input impedance of the com- 
plete capacitor is thus low and non-linear. 
The emitter-follower transistors V7i-3 in- 
crease this to about 5M). 
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Experimental Results 

A v.c.o. employing the circuit of Fig. 5 
and with the capacitors for each section at 
their theoretical values gave a maximum 
non-linearity of +24 per cent over the fre- 
quency range | 550 to 2 995kce/s, This non- 
linearity was mainly due to variations in the 
phase of the feedback with frequency. A 
small trimming adjustment to Ci-;, to make 
the frequency correct at a number of signal 
levels within the input range enabled this 
non-linearity to be reduced to +0°5 per cent. 

The measured frequency stability with 
variation of supply voltage was such that 
a supply voltage variation of +10 per cent 
produced less than +1 per cent change of 
output mean frequency, linearity, or signal 
sensitivity. Vibration tests have shown the 
microphonic variation of frequency to be 
less than +0-2 per cent when the v.c.o. was 
vibrated over the frequency range 30 to 
2 000c/s at a level of 10g peak. 

A further v.c.o. constructed with the same 
mechanical layout as the prototype, but with 
the experimentally determined values of 
C; to Cyn gave a non-linearity of +1 per 
cent without any trimming adjustments. 
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Fig. 5. The v.c.o. covering the range of 1-5Mc/s to 3-0Mc/s 
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Measuring the 
Heart Rate of an 
Active Athlete 


By D. W. Hoare*, D.L.C., and 


J. M. Ivisont, B.Sc., A.M.I.E.E. 


Useful physiological information can be obtained 
by measuring the heart beat rate of an athlete while 
he is in action. The article discusses a system 


developed for carrying out such measurements. 


Two electrocardiac channels are fed into a gating 
circuit which provides discrimination against 


interference due to muscle noise. The gating circuit triggers a monostable multivibrator; this in turn 
frequency modulates a subecarrier which amplitude modulates the crystal-controlled transmitter. 
The equipment is transistorized and the design is such that the system can be extended to transmit 
additional physiological information. 


(Voir page 60 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 65) 


HE system described was developed as the result of 

a suggestion, by a colleague of the authors, that useful 
physiological information would be obtained if the heart 
beat rate of an athlete was measured while he was perform- 
ing. It was decided that the equipment should satisfy the 
following requirements : 

(a) It should be light, and compact, so as to cause 
minimum inconvenience to the athlete. 

(b) It should give a clear indication of each heart beat 
and be insensitive to other disturbances. 

(c) The power consumption and batteries should be such 
that continuous operation is possible for at least 
an hour. 

(d) The effective range of the transmitter should be 
such that reliable signals are received, from any 
part of the running track, by a conveniently sited 
receiver (i.e. a range of about 300 yards). 

Techniques and equipment for measuring the heart beat 

rate of a ‘quiet’ subject are well advanced, but there 
appears to be relatively little published work dealing with 
measurements on an ‘ active’ subject. Many of the methods 
of measuring the heart beat rate of a person at rest are 
not applicable to a person engaged in physical exercise, 
since spurious signals are produced, which cannot be 
separated from the wanted heart beat signal. The various 
methods of measuring heart beat rate, and their limitations, 
have been discussed by Grieve' and Grieve and Humphries’, 
who state that the difficulty due to spurious signals can 
be overcome by using two electrocardiac channels. 
The outputs of these channels are fed into a coincidence 
circuit which provides discrimination against interference 
due to muscle noise, Forest® has described a heart beat 
detector using the system advocated by Grieve. Beenken 





* Marconi’s Wireless Telegraph Co 
Loughborough 
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and Dunn‘ suggest a two channel system using differential 
amplifiers to assist in rejecting interference. 

This article discusses a two channel system, completely 
transistorized and using printed circuit boards, employing 
a gating circuit to trigger a monostable multivibrator; this 
in turn frequency modulates a sub-carrier which ampli- 
tude modulates the crystal-controlled transmitter. The 
design is such that the system can be extended to transmit 
additional physiological information. 


Heart Beat Detection and Electrode System 

It is found that changes of potential occur between 
electrodes placed some distance apart on the skin of the 
human body each time the heart beats. These potential 
changes are due to the fact that the muscle cells of the 
heart are surrounded by charged membranes, and that when 
a muscular contraction occurs there is a change of charge 
on the membranes; this change can be detected on the skin 
because of the conductivity of the body tissues. Potential 
differences between the electrodes are also produced by 
general muscle activity and it is in order to eliminate 
these unwanted signals that the two channel system is used. 

Electrodes B and C (Fig. 1) are sited so that the heart 
beat signals they receive are identical with respect to the 
reference electrode A, and at the same time they are 
placed over regions of minimum muscle activity or where 
muscle noise is unlikely to occur simultaneously at both 
electrodes. Satisfactory results have been obtained by fix- 
ing A to the subject’s chest and B and C to the ears. The 
electrodes consist of pieces of 1/32in thick silver-plated 
copper, A being |}in square and B and C 4in square. The 
chest electrode is held in place by means of adhesive tape 
and the ear electrodes by means of small clips; electrode 
jelly is used to provide good contact. 

Measurements indicate that the ‘source’ resistance for 
each channel is of the order of 5k{) and the e.m-f. within 
the range 0-25 to 1-SmV. 
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Fig. 2. The receiving system 


Discussion of Block Schematics 

Fig. 1 is a block schematic of the transmitting system. 
The electrodes A, B and C are attached to the subject and 
the two-channel electrocardiac signals are amplified to a 
level of about 2V. The outputs of the amplifiers are 
applied to the gating circuit, which gives an output only 
when signals are applied simultaneously to its two inputs; 
since electrodes B and C are symmetrically sited with 
respect to A, application of the heart beat signals will cause 
the gate to open, but it will be insensitive to irregularly 
occurring signals. 

The monostable multivibrator is triggered by pulses from 
the gating circuit; on receipt of a pulse, the multivibrator 
changes to its unstable state and remains there for a time 
before returning to its stable state. During the ‘ waiting’ 
period the multivibrator is insensitive to pulses from the 
gating circuit; thus by making the ‘ waiting’ period slightly 
shorter than the reciprocal of the highest heart beat rate to 
be measured, additional protection against spurious signals 
is obtained. As the heart beat rate increases, the device 
becomes more reliable from this point of view; this is 
desirable since the higher heart beat rate is usually asso- 
ciated with greater physical activity which leads to increased 
possibility of spurious signals. 

The frequency of the RC audio-frequency sub-carrier 
oscillator is changed by connecting a part of the frequency 
determining capacitance in the emitter- collector circuit 
of a transistor that is switched ‘on’ and ‘off’ by the 
multivibrator, In the ‘ off’ position the oscillator frequency 


The heart beat telemetry transmitter 


made to transmit the 
electrocardiac wave- 
form since informa- 
tion was required 
about the heart beat rate only, and not the waveform. 

The receiving equipment is shown in block diagram 
form in Fig. 2 and consists of a v.h.f. communications 
receiver, the output of which is fed to a pen recorder via 
an acceptor filter tuned to 8-3kc/s. For future field work 
the receiver will be replaced by a crystal controlled tran- 
sistorized receiver and the pen recorder by a ratemeter’. 


Discussion of Circuit 
AMPLIFIERS 

The two amplifier chains are identical, using OC71 tran- 
sistors, and consist of a grounded collector (emitter- 
follower) stage followed by three grounded emitter stages. 
The first stage gives a high input impedance, thereby 
rendering the system relatively insensitive to changes of 
electrode contact resistance. 


GATING CIRCUIT 

An AND gate provides a triggering pulse for the mono- 
stable multivibrator on the simultaneous application of 
signals to both inputs, Because the heart beat output from 
the amplifiers is a negative-going signal, npn transistors are 
used in the gating circuit, as shown in Fig. 3. 

The bases of transistors V7; and VT; are positive with 
respect to earth, the transistors conduct and maintain the 
emitters of V7;, VT; and VT, positive with respect to 
earth. The base of VT, is earthed and therefore V7; is cut 
off. When a negative pulse is applied to the base of either 
VT; or VTs (but not to both), the transistor to which the 
pulse is applied is cut off, but the other one maintains the 
common emitter voltage, thereby keeping V7; cut off. 
If, however, negative pulses are applied simultaneously to 
the bases of VT; and V7s, the emitter voltages change to 
such a value that V7, conducts and produces a negative- 
going output. On removal of one or both of the input 
signals the gate returns to its initial state, V7, is cut off 
and gives a positive-going output. 


Fig. 3. Gating and modulator circuits 












































JANUARY 1961 


ELECTRONIC ENGINEERING 





MONOSTABLE MULTIVIBRATOR 

The monostable multivibrator consists of transistors 
VT» and V7, and their associated components. In the 
stable state VT is conducting and holds the base of VTu 
positive with respect to its emitter. Triggering signals 
applied from VT, rapidly switch VT; on and VT y off; 
this state of affairs exists until the base of VT» becomes 
sufficiently negative to cause it to conduct. The diode MR: 
prevents large veltage variations being fed back to the 
gating circuit. 


SUB-CARRIER OSCILLATOR AND MODULATOR 

In order to avoid the use of large inductors, a resistance- 
capacitance type of osciljator is used®’; the Wien bridge 
circuit with two OC71 transistors is satisfactory for the 
present application. 

The oscillator frequency is varied by switching the capa- 
citor C, which forms part of the frequency determining 
network, by means of transistor V7». When VT is con- 























Fig. 4. Radio-frequency circuits 


ducting, C in series with a low resistance is in parallel with 
R. When VT is cut off, C in series with a high resistance 


is in parallel with R, hence the effective parallel resistance 
and capacitance across R change when VT is switched, 
thereby changing the frequency of oscillation. The tran- 
sistor VT» is switched by the output of the monostable 
multivibrator. 


RADIO-FREQUENCY OSCILLATOR AND AMPLIFIER 

A grounded-base crystal oscillator stage drives a 
grounded-base amplifier stage, which is amplitude modu- 
lated by applying the frequency-modulated signal, from 
the sub-carrier oscillator, to the base. Some phase modula- 
tion is produced by this method of modulation, but this 
can be tolerated in the present application. Measurements 
indicate that the output is modulated to a depth of 90 
per cent. The output stage is matched to a short vertical 
aerial by means of a 2-network; the aerial length of 15in 
Is a compromise between electrical efficiency and practical 
limitations of size. 


HEART-BEAT SIMULATOR 
Owing to the high level of interference in the laboratory 


Fig. 5. Partly assembled telemetry transmitter anit 
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Fig. 6. General view of equipment 


and because of the inconvenience of working with elec- 
trodes attached to the body, a pulse generator was con- 
structed to simulate the heart beat input required by the 
amplifier. A free-running multivibrator was built giving 
an output satisfying the following requirements: 

Amplitude 0-25mV to 1-5mV (peak positive) 

P.R.F. Ic/s to 5c/s 

Pulse shape approximately triangular 

Output impedance approximately 5kQ 

Pulse width at base approximately SOmsec. 


Mechanical Construction 

The equipment, including batteries, is contained in a 
Perspex case 64in by 2in by I}in and weighs 12oz. It is 
attached to the athlete by means of a canvas harness as 
shown on page 6. 

The components are mounted on four printed circuit 
boards (Fig. 5); the three large boards are for (1) radio 
frequency stages, (2) gate, multivibrator, frequency modu- 
lator and sub-carrier oscillator, (3) amplifiers, while the 
small board carries the components for the sub-carrier 
output stage. 


Results and Future Work 

The equipment has been used with satisfactory results 
on middle-distance runners. Tests with sprinters indicate 
some ‘errors’ and these are thought to be due to muscle 
noise; it is hoped to overcorae this by using a three- 
channel system. 

The design is such that by adding more channels, the 
scope of the equipment can be extended to measure other 
effects such as breathing rate and limb acceleration. 
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Recording and Reproducing Equalization 
for Coarse and Fine Groove Records 


By P. J. Guy* 


In this article an analysis of recording and reproducing equalization for coarse and fine groove gramo- 
phone records is given and the method of defining the standard curves is explained, The effects ef 
the internal impedance of the reproducing head and of the load impedance are also discussed. 


(Voir page 60 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 65) 


I‘ order to be able to record a wide dynamic range of 
sound on gramophone records it is essential that the 
recording chain should include correct equalization. Low 
frequencies have to be attenuated when recording because 
the cutter heads used are inductive devices and if the volt- 
ages applied to the driving coil were not restricted at low 
frequencies the large resultant currents would saturate the 
armature and the non-linear distortion produced would be 
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severe. Again, to maintain a good programme-to-noise 
ratio, high frequencies must be attenuated on reproduction 
because the inherent background noise is mainly made up 
of high frequency components. Accordingly, high fre- 
quencies must be pre-emphasized on recording or they will 
be unduly attenuated by the equalization required on 
reproduction. 

The characteristics employed by the commercial gramo- 
phone companies are laid down in this country by the 
British Standard Specification 1928: 1960 and in America 
by the Recording Industry Association of America. These 
characteristics have been standardized throughout the 
world for fine groove and coarse groove recording and are 
given by the International Electro-Technical Commission 
in their publication 98, and are as follows. 


RECORDING CHARACTERISTIC 

With constant voltage applied to that point in the record- 
ing chain where the normal signal has the frequency 
characteristic that it is desired subsequently to reproduce, 
the curve of recorded velocity (as determined by the 
Buchmann-Meyer light-band method) versus frequency 
shall be that which results from a combination of three 
curves as follows: 


(a) One rising with frequency with the admittance of a 
parallel combination of capacitance and resistance 
having a time-constant of fh. 


(b) One rising with frequency in conformity with the 
admittance of a series combination of capacitance 
and resistance having a time-constant of fs. 


* British Broadcasting Corporation. 
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(c) One falling with rise of frequency in conformity with 
the impedance of a series combination of capacitance 
and resistance having a time-constant of fs. 

The combined curve is defined by: 

N(dB) = 10 log (14+. 42°?) — 10 log [1+ (1/42°f'h:”)] + 

10 log [1 + (1/4z°f*ts?)] 
where f = frequency (c/s); 
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and for coarse groove records: 
ti = 50 x 10~sec 
te = 450 x 10sec 
ts = 3180 x 10~*sec 
This curve is shown in Fig. 1(a). 
For fine groove records: 
ti = 75 x 10~*sec 
tz = 318 x 10~*sec 
tz = 3180 x 10~‘sec 
This curve is shown in Fig. 2(a). 
Inverse or mirror image equalization is required in the 


reproducing chain if the overall reproduction is to be as 
faithful as possible a. copy of the original sounds. 


The standard reproducing characteristic is as follows: 


REPRODUCING CHARACTERISTIC 

With constant velocity of the reproducing stylus tip the 
curve of voltage output of the reproducing chain versus 
frequency shall be that which results from the combination 
of three curves as follows: 


(a) One falling with rise of frequency in conformity with 
the impedance of a parallel combination of capa- 
citance and resistance having a time-constant of h. 

(b) One falling with rise of frequency in conformity with 
the impedance of a series combination of capacitance 
and resistance having a time-constant of fe. 

(c) One rising with frequency in conformity with the 
admittance of a series combination of capacitance 
and resistance having a time-constant of fs. 
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Fig. 3. Characteristics of various circuit conformations 


The combined curve is defined by: 
N(dB) = 10 log [1+ (1/42°f,”)] — 10 log (1 + 42°.) — 
10 log [1 + (1/42°ft,’)] 
where f = frequency (c/s). 
and for coarse groove records: 
ti = 50 x 10-*sec 
fo = 450 x 10~*%sec 
ts = 3180 x 10~*sec 
This curve is shown in Fig. 1(b). 
For fine groove records: 
ti = 75 x 10sec 
fe = 318 x 10~*sec 
ts = 3180 x 10sec 
this curve is shown in Fig. 2(b). 


Simple two element networks consisting of a reactor and 
a resistor in series or in parallel are used in the above 
specifications because the impedance and admittance curves 
of such networks (when plotted with impedance or admit- 
tance on a decibel scale and frequency on a logarithmic 
scale) all have a similar shape—they approach a 6dB/ 
octave slope at one end of the frequency scale and a fixed 
value (determined by the resistance or conductance) at the 
other. This is illustrated in Fig. 3. The changeover fre- 
quency, where the slope changes from the rise or fall to 
the practically linear value is that at which the asymptotes 
to the curves intersect and is determined by the time- 
constant of the network. 

The changeover frequency, f.. = 1/2xT where T is the 
time-constant CR or L/R. 

At the changeover frequency the absolute value of the 
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admittance or impedance is always V2 or 1/ V2 times the 
constant value. 

The mathematical definition of such curves looks a little 
fearsome but the analysis is fairly simple as shown in 
Appendix 1. 

Reproducing equalizers for both normal groove and fine 
groove characteristics are given by Smith’ and a practical 
circuit for reproducing equalization conforming with the 
specification is given by Livy’; this is reproduced in Fig. 4. 








Fig. 4. A practical circuit for reproducing equalization 
(Suggested by W. H. Livy*) 
Fine Groove Coarse Groove 
mR = 3:3MQ 1-5MQ 
C,, = 860pF 2 200pF 
R = 270ka 200kQ 


Cy = 300pF 3OOpF 


The frequency response V./V of the network is exactly 
the same as the variation with frequency of the impedance 
seen looking back into the output terminals, so that it is 
possible to use it as shown directly in the feedback loop 


of an amplifier to get the desired replay characteristic, If 
the gain of the valve is not enough to prevent the bass 
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Fig. 5. Basic circuit of Fig. 4 
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Fig. 6. A simple two-element equivalent 
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shown in Fig. 7 





response flattening off due to the feedback becoming in- 
Operative, the value of R: can be increased or it may be 
omitted altogether. Analysis shows that the basic shape of 
this circuit is as Fig. 5. 
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Fig. 9. Equivalent circuit of equalizer in Fig. 7 
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Fig. 10. Effect of load resi 
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Fig. 11 A pick-up may be regarded as a voltage generator in series with 
its own impedance 
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Fig. 12. A bass boost equalizer suitable for use with a moving-iron pick-up 
with a slight bass resonance at J0c/s 
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of the equali 


The Type of Equalization Required 

The effect of the generator and load impedances on an 
equalizer is often overlooked. 

Consider a simple two element equalizer of the type 
shown in Fig. 6. 

If the values were as given, the time-constant of the 
circuit (ignoring generator and load impedances) would be 
C (R: + R:) = 2msec, and the changeover frequency would 
be 1 000/4z and therefore very low, approximately 76-3c/s. 
The maximum bass boost at just above zero frequency 
would be approximately SdB/octave and at audio fre- 
quencies above 100c/s the equalizer would have a prac- 
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Fig. 14. Comparison of 64B/octave slope through ike/s and the standard 


curve for groove recordings 


By careful manipulation of the mechanical impedances in the pick-up, the 

response of crystal heads when fed into the correct impedance can be 

made to be approximate to the mirror image of the fine groove recording 
characteristic. Hence no further equalization is required 
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(b) 
Fig. 15. Response of the Garrard ae ge when correctly loaded 
w 
(a) Garrard GC8 crystal pick-up 78 rev/min record E.M1. JG449 1MQ 


, 7-10 grams pressure 


(b) Garrard GC8 crystal pick-up 334 rev/min record LXT2645 1M load 
7-10 gram pressure 


Fig. 16. A pre-amplifier suitable for use with the Goldring ‘600° variable reluctance cartridge 
The amplifier or radio receiver which is to be driven by this pre-amplifier should have an input impedance of 


not less than 100kQ 
Reproducing Equalizer 
(1) British 78 rev/min records 
(2) Decca FFRR78 rev/min records 
(3) Fine groove BS 1928/55 RJI.A.A 


(4) Old LP record BS 1928/55 coarse groove 


* 


(>) 


Fig. 17. Frequency response curves for the Goldring ‘600’ variable 
reluctance head when loaded with 68 0000. Pressure 7 grams 


(a) 78 rev/min test record E.M.1. $R21 stylus -0025Sin 
(b) 334 rev/min test record Decca LXT 5346 stylus -OOlin 


tically level response. Yet this very equalizer has been sug- 
gested by Quartermaine’ as a suitable bass equalizer for a 
tape recording chain. Used as Quartermaine suggests as the 
linking circuit between two pentode valves (Fig. 7) it pro- 
duces a response as shown in Fig. 8. 

This is because the equivalent of the circuit is then as 
shown in Fig. 9 where: 

Ra Ry (Ri + Rz + Rs) 
” Rs + Re + Re + Re 

R3Rx 
R; + Rg 

The maximum attenuation is determined by the ratio of 
R, to Ry. The frequencies fiow and fnicn are determined by 
equating the reactance of C to Rx and Rz respectively. 
Values giving the response of Fig. 8 are R; = 220kQ, Re = 
330kQ, Rs = 18kQ, Re = SOOKO. and C = 0-:006uF. Using 
these values, Ra = 250kQ and Rs = 17kQ, giving a ratio 
of 15:1 and maximum attenuation of 23dB. The transition 
frequencies will be fiow—= 
100c/s and frign™1 500c/s, 
see Appendix 2. 

The effect of load re- 
sistance on equalizer res- 
ponse is demonstrated in 
the following example. In 
Fig. 10, a two-element 
equalizer is terminated in 


and Rx = 





a high resistance. 

The output voltage will 
approach the value which 
would obtain if the resist- 
ance were infinite. The 





























open-circuit voltage would 
be 70-7V at 50c/s and 
44-6V at 100c/s—an atten- 
uation per octave over the 
range considered of 40dB. 

If the load resistance 
were decreased to 1000 
the voltage output at 50 
and 100c/s would be 
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To amplifier 


low potential 44-7V and 35-4V respec- 


tively an attenuation over 
the octave considered of 
2dB. 

If the equalizer directly 
follows the pick-up, the 
response and impedance 
of the head must be 
borne in mind. For 
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Fig. 18. The Tannoy pre-amplifier model ‘E’ 
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example if a moving-iron head of internal impedance equal 
to 100 at Lkc/s is loaded with 100 as shown in Rig. 11(@), 
the variations in the internal impedance of the head with 
changing frequency will provide treble attenuation which 
is practically a mirror image of the treble pre-emphasis 
used on recording. This is because the head may be con- 
sidered as a voltage generator in series with its own imped- 
ance. The 102 load is revealed as the lower half of a fre- 
quency discriminating potential divider with an inductance 
Xx in the top half, (Fig. 11(b). Because of the way Xx 
varies with frequency, only a bass equalizer will be required 
in the output of such a head. A constant R equalizer of the 
type shown in Fig. 12 would be very suitable. The slope 
of the response curve of this equalizer must be arranged 
to add to the effect of any bass resonance in the pick-up 
itself to obtain the desired 6dB/octave bass boost. In the 
example shown, with the component values given, the curve 
is as shown in Fig. 13. 

Again, if the pick-up is of the piezo-electric type the out- 
put voltage will be approximately proportional to displace- 
ment, i.e. the response will be one of practically constant 
amplitude. 
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Fig. 19. Response of the mew ‘Tannoy’ Variluctance Phono Cartridge 
Mark Il when connected to the pre-amplifier shown in Fig. 18 


(a) 78 rev/min 
(b) 334-45 rev/min 


As the British Standard recording curve has a slope 
which is within 6dB of constant amplitude over the greater 
part of its range (Fig. 14) most of these crystal heads 
require little or no equalization, though, of course, care 
must be taken to ensure that their output is fed in to the 
recommended load. Fig. 15 shows the response of the 
Garrard Turnover Crystal Cartridge GC2 at 334 rev/min 
when loaded with IMQ. 


VARIABLE RELUCTANCE HEADS 

The following circuit (Fig. 16) suggested by the Goldring 
Manufacturing Co. (Gt. Britain) Ltd shows a straight- 
forward equalization network suitable for use as an inter- 
valve coupling circuit in a pre-amplifier suitable for driving 
the Williamson and similar amplifiers. When driven by a 
Goldring 580 variable reluctance cartridge, the output of 
the pre-amplifier when reproducing Ikc/s from Decca test 
record LXT5346 was 0-7V. The response curve of the pick- 
up when working into a 6-8k2 load is shown in Fig. 17—it 
is sensibly flat to 20kc/s. 

Fig. 18 shows the circuit of the Tannoy Model ‘ B’ pre- 
amplifier designed for use with the new Tannoy Variluc- 
tance Phono Cartridges. The response of this head when 
using a 1 mill diamond tip is shown in Fig. 19. As will be 
seen the response is virtualy flat to 16kc/s and there is a 
complete absence of resonance peaks. 
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APPENDIX | 


(1) MATHEMATICAL ANALYSIS OF THE BEHAVIOUR OF Two 

ELEMENT CIRCUITS CONTAINING A REACTANCE IN SERIES 

OR PARALLEL WITH A RESISTANCE 

In the case where the network is a resistance in series 

with an inductance, the admittance is 1/Z = 1/(R+jwL). 
At low frequencies where R>wL this tends towards a 
value of 1/R and is virtually constant, while at high fre- 
quencies it tends towards a value of 1/wZ and therefore falls 
neatly 6dB/ octave. At the changeover frequency the suscep- 
tance of the inductance is equal to the conductance of the 
resistance. 

ie. l/wL = 1/R 

*, 1/2afol. = 1/R 

where fo is the changeover frequency. 


1 
2n(L/R) 
where T is the time-constant, L/R. 


*, feo * [2eL = 


Similarly if the network is a resistance in series with a 
capacitance the admittance = 1/(R-—jX.) and at the 
changeover frequency: 


1/R = 1/X-, where X, = 1/2xfC 
*, 1/R = 2nfoC, or R = 1/2rfeoC 
*, foo = 1/(2xfeoCR) = 1/22T, 
where T is the time-constant, CR, of the network. 


At the changeover frequency, the absolute value of the 
admittance or impedance of the network is always either 
1-414 or 0-707 times the constant value. For example, in 
the case of a circuit containing inductance in series with 
resistance when the constant value of the admittance is 
1/R and the absolute value of the admittance at the change- 
over frequency is 1/(R+jwL), the difference in level be- 
tween the constant value and the value at the changeover 
frequency is: 


1/(R +joL) a 
201 tee” || = 20log || —~ 
os | 1/R | LR + jo || 


R 
= 201 ——_— 
” VR® + o'*L? 


Now at the changeover frequency, foo 
“5 JR = le LA 
Hence the difference in level is: 
20 log (R/ V2R*) = 20 log (1/ V2) 
= ~20log V2 
10 log 2 
= —10 x 0-301 
= —3dB 
Similarly, when the circuit consists of a resistance in series 
with a capacitance, the absolute value of the impedance at 


the changeover frequency is R — jX, and the difference in 
value between the absolute impedance and the constant 
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value is given by: 
jx 
—— 
V(R* + X.”) 
R 
but as at the changeover frequency |R  - 
the expression becomes: 
20 log [(R V 2)/R] 
= 20 log V2 = 20 x 0-15 = 3dB 
Thus if the two elements of the circuit are given and the 


time-constant is known it is easy to draw the impedance or 
admittance curves. The steps are as follows: 


N (dB) = 20 log 


= 20 log 


(1) Calculate the changeover frequency in the manner 
shown above. 

(2) Draw the ordinates and mark off the decibel and 
logarithmic frequency scales. 


(3) Draw in the asymptote to the part of the curve con- 
trolled by the resistance (a straight line parallel to the 
horizontal ordinate). 


(4) Erect a vertical passing through the point of inter- 
section of the asymptotes and on it mark the value 
of Z or Y at the changeover frequency (3dB from the 
constant value). 


Draw in the 6dB/octave line (the other asymptote) 
in the appropriate section of the graph intersecting 
the constant value asymptote at the point where the 
vertical also intersects it. The curve through the 3dB 
point with these two asymptotes is the required curve. 


When the response is proportional to the admittance, the 
relative response in dB = 20 log |Y2/Yi'|. In the case of a 
series circuit containing resistance and capacitance, the 
admittance = 

1 3 ] 
R+(1/joC) = REL + C1/joCR)] 
I and the magnitude 


and this is proportional t : 
sities © Ts U/l) of this 


1 
~ VUl + (/eT)] 

The ratio is therefore: 

1 
{1 + (1/*T*)] 

1 
+ (1/w°T?) 
-10 log [1 + (1/w*7?)] 


20 log : 


= 10 log 7 


The impedance of such a series network: 
Z=R + (1/jwC) 
= R+(R/jwCR) = R(i+(1/jo7)) 
co 1 + (1/jwT) whose magnitude equals 
eg x ere eee (7) 
and the ratio is: 
20 log V{1l + (1/w°T’)) 
= 10 log [1 + (1/w°T°)) 
In the case of capacitance in shunt with resistance: 
Y = (1/R) + jwC 
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and this is proportional to: 
1 + joT 
and the ratio is: 
20 log V(1 + w*7*) = 10 log (1 + wT”) 
The combined response curve is therefore defined by: 
NdB = 10 log (1 + wT) — 10 log [1 + (1/w°T:*)) 
+ 10 log [1 + (1/o*Ts)) 
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Fig. 21. (a) Thevenin equivalent of Fig. 20 
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Fig. 22. Equivalent of Fig. 20 at high frequencies 





where 7}, Tz and 7; are the respective time-constants. In the 
CCIR disk recording characteristic quoted: 

T; = S5Ousec and feo = 3180c/s 

Tz = 450usec and fio = 354c/s and T; = 3180usec and 
feo = 50c/s and the response curve is of the shape shown 
in Fig. 2. 

Anether way of writing the combined response would be: 
(1 + w°T;’) (1 + (1 | w°T3")) 


10 log ] +> (1 / w*T.”) : 


and the difference in level in dB between any two fre- 
quencies would be: 


1+ wT *)(1 +(1/ wn°T3")) 
10 log (Lt we Ti) + (1/we'Ts)) 
on 1+ (l/orT?) 


(1 +orT?)(1 +(1 [on®T3*)) 


1+ /wT?) 
(1 + w?71") (1+ (1 /o2?Ts’)) (1+ (1/o°T?)) 


— 10 log 


= 10108 (1 G/oeTD) 1+ oT) (14 0/orTD) 
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However, in practice it is much easier to draw the grapn 
and read off the difference. 


APPENDIX 2 


If the anode resistances of V; and of V2 in Fig. 7 are 
both high, the circuit is equivalent to Fig, 20. 


Consider first the potential across C. The time-constant 
of this circuit will be that of the circuit as a whole. Apply- 
ing Thévenin’s Theorem to AB, the circuit of Fig. 20 may 
be shown‘ to be equivalent to Fig. 21 where the constant 
current generator is replaced by its infinite internal imped- 
ances. 


Then Rint = Ry in parallel with Ri + Re + Rs 


m R,(Ri + Rs + Rs) 2 
~ Ri + R: + Rs + Re r 


and Voo = 1Rin . 


The time-constant of this circuit, CRs, governs the low 
frequency transition frequency fiow. (Of course the output 
is not taken off across C alone but also across Rs. This 
adds a little to it but does not affect the transition fre- 
quency). The maximum output will occur at zero frequency, 
where X.=. At this frequency the equivalent is Fig. 21(a). 
3 Rs + Ry 

1 " Ri + Ri + Ri 
1/Ri + - . nai 

R, > R2 T R, 


mV 
Vout Ls zg ek 


LuV ex (R; os Ry R, 


~ Rit+ Re + Rs + Ro 


Minimum output will occur when, at very high frequencies, 
X. tends towards zero and R, is therefore shorted. Then: 


2uV ex RiR; 


Ri + R2 + Rs 

The ratio of maximum to minimum output will be: 
— Ra + Rs Rit Ro + Rs 

Ri + Ro + Rs + Re R; 


_Rs+ Re Re (Ri + Re + Rs) _ 1/Re.R 
~ Rk R+hths+e 
”. Ra/ Rx gives the ratio of maximum to minimum output. 
In the example Ry = 250k. and Rpg = 17k. 


The equivalent circuit may therefore be regarded as 
Fig. 22. 


Vout hf) = 


gales (Rs + RIK: 
Ri + R. + Rs + Ry 
If Ra > Rez and, at the frequency fn, Xc = Re, the current 
in the circuit = Vgen/Ra 

.. Minimum output voltage = VeenRs/Ra. 


The voltage generator = = Veen 
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Analogue Telemetry Equipment and Systems 


(Part 1) 


By R. E. Young*, B.Sc., M.LE.E., A.F.R.Ae.S. 


In this article a range of telemetry equipment, designed and developed by Sir W. G. Armstrong 


Whitworth Aircraft Ltd, is described. 


In Part 1 an air to ground television installation and an 


automatic radome evaluation equipment are described and it is shown, in later sections of the 

article, how these earlier equipments have formed part of a continuous development programme. 

Equipments described in the later sections includea telemetry system for the ‘Flutter Dart’ model 

programme and a telemetry application in the automobile industry. Although originally designed for 
a specific purpose the equipment described has wide industrial applications. 


(Voir page 61 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 66) 


HE design and development of modern aircraft and 

missiles necessitates a large number of measurements 
of physical quantities, often under operational or other- 
wise difficult conditions. In general, the electronic equip- 
ment for these specialized applications has not been 
commercially available and as a consequence of this most 
of the aircraft manufacturing companies have set up their 
own electronic engineering departments. A great deal of 
the equipment which these departments have designed 
and developed has far wider industrial applications than 
the specific use for which it was originally intended, and 
a number of the firms concerned are now making their 
equipment generally available. 

A range of telemetry equipment which has been 
designed and developed by Sir W. G. Armstrong 
Whitworth Aircraft Ltd is described. In Part 1 a des- 
cription is given of two of the older equipments; an air 
to ground television installation’ and an automatic ‘ra- 
dome’ evaluation equipment’. These have been included 
mainly for the purpose of showing how the later equip- 
ments form part of a process of continuous development. 
Later sections of the article will deal with more recent 
equipments including telemetry equipment for the ‘Flutter 
Dart’ model programme and a telemetry application in the 
automobile industry. 


Airborne Television Project 

This project was undertaken as a private venture by 
Armstrong Whitworth Aircraft, not only to evaluate tele- 
vision aS a means of remote instrumentation’, but also 
to obtain data on telemetry equipment and systems. 


Many of the techniques which were finalized at the 
time are still being employed where a wideband high 
information capacity system is required. 


In this context the television transmitting and receiving 
gear could be regarded as making up such a wideband 
system, giving what was in essence digital transmission 
when used with conventional dial instruments. Asso- 
ciated with this digital aspect is the advantage that, with 
deterioration in signal-to-noise ratio, information is not 
lost until it becomes ‘jargon’, which is clearly recogniz- 
able as such. Furthermore the technical quality of the 
picture itself can be used to help determine the perform- 
ance of the system and its components. 


The airborne equipment was installed in an Avro 
‘Anson’ which operated from the A.W.A. Bitteswell test 
airfield, the ground receiving gear being installed in the 
control tower. The basic arrangement of the airborne 
equipment is shown in Fig. 1. 


* Sir W. G. Armstrong Whitworth Aircraft Lid 
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The wavelength adopted for the system was in the 70cm 
band, and the receiving equipment was largely conven- 
tional with the exception of the aerial and r.f. head. The 
installation on the aircraft, however, had a number of 
unique features, the main one being that all the equip- 
ment derived its power supplies from batteries. At the 
time full battery operation of such television gear was 
somewhat of an achievement; again this work has been 
extended for current projects. As will be seen from the 
detailed description which follows, h.t. and e.h.t. power 
supplies were derived from motor generators and a radio 
frequency oscillator respectively. 

The aircraft installation consisted of two main sections 
(Fig. 1), the ‘camera chain’ and transmitter, together 
with power and monitoring units. Basic frame and line 
frequencies of 50c/s and 10kc/s were produced in the 
pattern generator to give a non-interlaced 200 line 50 field 
per second picture. 

Phase-shift oscillators were used as frame and line 
frequency generators, the actual synchronizing signals, 
locked to these generators, being produced in double 
triode flip-flop circuits; while an ‘artificial bar’ picture 
signal at line frequency was available with the pattern 
generator for test purposes; a comprehensive waveform 
monitoring facility being provided by a switched lin 
cathode-ray tube. 

The h.t. power supplies to the pattern generator and 
the other airborne units were fed from d.c. motor genera- 
tors through series stabilizers. With the high machine 
commutator ‘ripple’ frequency it is possible to obtain 
good smoothing with components of relatively small phy- 
sical size. Another advantage of this particular arrange- 
ment is the low source impedance seen at the h.t. lines, 
which enables the use of decoupling circuits to be kept 
to a minimum as part of a general compact design which 
is possible with this system. This approach was pioneered 
by A.W.A. and has become a standard design principle 
for such equipment produced by the firm. 

The camera chain itself was unconventional in using 
a flying-spot scanning system‘. For this and similar ap- 
plications such a system has a number of advantages, not 
the least being the elimination of the need for power for 
illuminating the subject (in this instance an instrument 
panel) to be televised. A standard type of vidicon camera, 
say, could have been substituted for the ‘camera box’ 
to link in with the remainder of the system but at the 
time at least, there was a considerable economy to be 
gained by employing a scanning tube and simple multi- 
plier photocell combination, rather than the more expen- 
sive camera tube. 

The camera box occupied the top section of the rack 
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Fig. 1. The airborne television equipment 


in which all the airborne equipment was housed; and the 
instrument panel, which carried a small number of repre- 
sentative instruments, was held in position by wing-nuts 
on the end of the four extension pillars visible in the 
photograph (Fig. 2). On the left of the front panel of 
the camera box can be seen the 931-1A photocell with 
a centrally placed wide aperture lens slightly above it. 

After amplification and equalization the video signal 
from the photocell was mixed with the synchronizing 
waveforms from the pattern generator and the composite 
signal passed to a two-stage modulator. Amplitude 
modulation was employed, provision being made for both 
grid and cathode modulation of the ‘grounded grid’ 
oscillator valve as alternatives. 

The oscillator was an early version of the high stability 
type’ developed by A.W.A. and which has been adopted 
as the standard ‘precision oscillator’ for use in A.W.A. 
telemetry test senders. 

The output of the modulated oscillator then passed to 
the aerials via a monitoring directional coupler unit. The 
quarter wave spike aerials were mounted with their 
‘ground planes’ above and below the fuselage of the 
aircraft at approximately its mid point longitudinally. 

In contrast to the airborne equipment, which was made 
as compact and simple as possible, that on the ground 
was relatively complex. The use of elaborate gear is 
permissible in the latter case where space and weight 
restrictions are far less exacting than in an aircraft. 
Elaboration of the receiving and display equipment was 
prompted by the need to obtain maximum performance, 
and also to provide the comprehensive monitoring and 
checking facilities necessary for evaluation purposes. 

Thus the main picture monitor and local test video 
signal generator at the top of the rack, and the monitor 
and check panel below it (Fig. 3) occupied nearly half of a 
cabinet approximately six feet in height. Also, it will be 
seen from this photograph, that the next unit down, the 
main receiver together with a built-in wavemeter, was 
equipped for meter checking on a wide basis. 

The bottom of the cabinet contained the stabilized 
power units with an interlocked power distribution sec- 
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tion, which again were arranged to be capable of being 
metered fully. 

As stated earlier, the main departure from standard 
techniques in the receiver was in the design of the rf. 
head. This had two CV88 (3A/148J) grounded grid 
stages feeding into a coaxial line mixer coupled with a 
separate CV273 (DET22) local oscillator, also of the high 
stability type but operating at a low power level. 

The i.f. amplifier had a bandwidth of +2Mc/s with a 
gain of 80dB at a centre frequency of 45Mc/s alignment 
for a flat-topped response curve being obtained by the 
use of a ‘wobbulator” of Armstrong Whitworth design. 

Although further major development has taken place 
in A.W.A. receivers, it can be stated that the general 
design philosophy adopted at the commencement of this 
programme was sound, and has been perpetuated in the 
present series of receivers. 


Fig. 2. The television equipment installed in an ‘ Anson’ aircraft 
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(3) Refraction, and (by reci- 





adjusted in relatively L 
small steps. It was, 

however, ‘steerable ” 

in the horizontal plane, being carried on a d.f. column 
above the roof of the control tower, the d.f. scale and 
handwheel being shown in Fig. 3. 


Radome Development 

The equipment to be described, as in the case of that 
used for the airborne television project, is of A.W.A. 
design and manufacture, and is maintained in service at 
Coventry both for investigation and routine testing 
radomes produced by Armstrong Whitworth and other 
manufacturers. 

The word ‘radome’ has come into general use to des- 
cribe the radio-transparent faring which, while preserving 
the aerodynamic shape of aircraft and missiles, encloses 
and protects the radar aerial assembly. The radome 
should not impair the efficiency of the radar system but 


Fig. 3. The television receiving equipment 
The rack contains, from top to bottom: Main picture monitor and video 
signal generator; general monitor and check panel; main receiver and 
wavemeter; power units. On the right is the d.f. scale and handwheel 
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procity) the received energy is 
affected similarly. 

It has been found that if a radome has a low value of 
attenuation uniformly distributed over the section 
scanned by the aerial, then it is a ‘ good’ radome, i.e., the 
beam is not distorted. In practice the criterion for a 
satisfactory radome is taken that one-way attenuation 
should not exceed 0-6dB while preferably its value should 
be about 0-2dB with a maximum variation of better than 
0-1dB around this value. 

Apart from the microwave techniques and the precision 
work associated with them, the engineering aspect of this 
project is noteworthy for the way in which all control 
has been concentrated at one point. 

The installation has two salient points of design :— 

(1) An accurate method of measuring the very small 
values of attenuation. 

(2) Complete remote control of the various move- 
ment of the radome necessary to explore the whole 
of its surface. 


ATTENUATION MEASUREMENT 

This method of measurement which was adopted may 
be described as ‘direct’ in that attenuation with and with- 
out tiie radome interposed in a radio path is determined 
as such, rather than derived from another form of data. 

Considerable accuracy may be obtained with this 
method provided certain precautions are taken, particu- 
larly with regard to the radio path and the mounting of 
the transmitting and receiving aerials. 

A site is selected which is effectively ‘ reflection-free ’, 
with a plane surface between the two aerial systems which 
are placed about 100ft apart. When a series of measure- 
ments is being undertaken the level of the receiving signal 
is first brought to a suitable value for use as a datum for 
subsequent readings. The radome is then swung into 
position, and an accurately calibrated attenuator in the 
receiving signal system adjusted until the signal level is 
restored to the datum value. Thus the difference in 
attenuator reading gives the attenuation through the 
radome. The remainder of the radome is then explored 
by means of the remote control facilities already men- 
tioned, the transmitting aerial being in the same position 
relative to the radome as that occupied by the radar 
scanner under operating conditions. 
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Fig. 5. The test-site aerial system 


The receiver aerial is on the extreme left while the 
transmitting aerial is mounted on the gantry to the right 


EQUIPMENT 

The A.W.A. equipment for these attenuation measure- 
ments is shown in block schematic form in Fig. 4, while 
the photograph (Fig. 5) shows the complete aerial system. 

The main elements of the installation comprise equip- 
ment for transmitting and receiving, attenuation measure- 
ment and indication, and remote control of the position 
of the radome with respect to the transmitting aerial. As 
will be seen from Fig. 5, the radome is carried in a com- 
prehensive mounting system with a turntable base. All 
display measurement and control functions are brought 
together in a console housed in a building situated just 
behind the transmitter aerial support structure, thus allow- 
ing remote control of the whole to be effected by one 
operator. 

The microwave transmitter is designed round a 10W 
c.w. tunable magnetron; the output from which is fed 
via a sealed waveguide run to the aerial. Transmitter 
power supplies are controlled by motorized ‘ Variacs’ 
with time delay circuits which enable supplies to be ‘ run 
up’ gradually, and prevent damage being caused to the 
magnetron by the e.h.t. being applied before it has warmed 
up. 

The magnetron current is stabilized to prevent long 
term fluctuations in the output power, which is monitored 
by conventional means—a crystal mount fed from the 
main waveguide run through a 40dB slot directional 
coupler—the detected current being displayed on a micro- 
ammeter on the control. desk. A cavity wavemeter is 
also coupled into the waveguide branch to enable the 
transmitter to be tuned to the test frequency. 

A ‘line stretcher’ is placed in the waveguide run adja- 
cent to the transmitting aerial to compensate for the 
effect of standing wave patterns set up between the radome 
and the transmitting aerial. This compensation is 
achieved by taking two attenuation readings for each 
position of the radome, a particular measurement being 
recorded as the mean of these two readings. Between 
the two readings the whole aerial is moved a 
distance equivalent to a quarter wavelength at the radiated 
frequency, this movement being controlled by means of 
adjustable limit switches in conjunction with the drive 
motor. 

The receiving system also employed conventional micro- 
wave techniques—a crystal detector being fed from the 
aerial through a glass vane variable attenuator. Remote 
control of the position of the attenuator vane is pro- 
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vided through a 24V drive motor; course position indica- 
tion being obtained from a Magslip system while accu- 
rate readings are derived from a micrometer clock gauge 
(Fig. 6). 

The clock gauge plungér movement is produced by a 
ramp linked directly to the adjustable vane thus making 
possibile an accurate reading of its position. The com- 
plete unit is calibrated against a laboratory standard 
attenuator, the calibration, being in the form of a dial 
reading. 

A closed circuit television link is employed to give 
remote indication of the attenuator reading which is free 
from inaccuracies of the * backlash’ type. The complete 
receiving system, with the exception of the aerial, is con- 
tained in a thermostatically controlled heated box. By 
maintaining the interior of the box at a constant tempera- 
ture above ambient, changes in calibration due to con- 
densation are also eliminated, with, the result that it can 
be claimed that measurements are made to plus or minus 
0-OS5dB. 

As with the airborne television equipment, the camera 
utilizes the flying spot principle. The scanriing raster is 
set up on the face of a 34in blue screen tube, and is 
focused on to the clock gauge by a simple lens system, 
while a photo-multiplier cell sensitive to the blue end 
of the spectrum is used as the image conversion device. 

H.T. power supplies for the camera are generated in 
the control room and fed to the camera through a multi- 
way cable, which also carries the picture and synchroniz- 
ing signals and the crystal detector current. 

The e.h.t. supply for the tube is derived from a local 
r.f. oscillator unit built into the camera, while heater 
supplies are obtained from the mains through a trans- 
former contained in the box. 

The system display unit occupies the centre of the con- 
trol desk, and contains a sync separator unit, video am- 
plifiers and h.t. power supplies, in addition to the 9in 
(white phosphor) picture tube. A television picture of 
the clock gauge is presented at the console, thus enabling 
the operator to take readings corresponding to attenua- 
tion without the indicator itself being directly visible to 
him. 

Positioning of the radome is achieved by compounding 
several individually remotely controlled motions. The 
radome is carried in a driven ring which provides rota- 


Fig. 6. The motorized remote controlied attenuator 
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tion about its major axis. The ring supporting trunnions 
are built up as part of a trolley which can be moved 
backwards and forwards along rails, which, in turn, are 
mounted on a braced structure fixed to a _ turntable. 
Remote indication of turntable position, etc., is provided 
by Magslips; while limit and over-ride switches help to 
ensure that the radome is accurately located during 
measurements. 

Once the radome has been mounted on the rig, all 
measurements and movements of the radome are carried 
out by a single operator, as noted earlier; it is considered 
that this installation allows these operations to be carried 


Radio and Television Equipment on the 
* Oriana’ 

Radio, navigational aid, sound-reproducing, and television 
equipment on a scale believed to be unrivalled in any similar 
ship has been provided by The Marconi International Marine 
Communication Co. Ltd for P. & O-Orient Lines’ new 42 500 
ton passengef liner Oriana. The communications equipment 
includes a single-sideband transmitter incorporating the latest 
techniques in long-range high-frequency radiotelephony. 

Associated with the transmitter are two special single- 
sideband receivers, completing a highly efficient radiotelephony 
station which will give passengers, as well as the Oriana’s 
officers, literally world-wide speech communication, provided, 
of course, that conditions are not adverse. 

Telephone terminal equipment, linked to the ship’s own 
telephone system, enables passengers to make or receive radio- 
telephone calls in their own cabins or in one of the two radio- 
telephone kiosks. 

In the wireless telegraphy section the Oriana is provided 
with a *‘Globespan’ high-power transmitter, which can also 
be used for radiotelephony when required, with two ‘ Atalanta ° 
marine communications receivers. An *‘Oceanspan VII” trans- 
mitter is installed for secondary traffic-handling purposes, pro- 
viding radiotelephone facilities in the intermediate frequency 
band, and an auxiliaries assembly houses a ‘ Salvor ’ emergency 
transmitter and an ‘ Alert’ emergency receiver. V.H.F. radio- 
telephony for short-range speech communication is catered for 
by two separate ‘ Argonaut’ transmitter-receivers. 

A feature of the Oriana’s navigational aid equipment is the 
new ‘ Lodestar’ automatic direction-finder, The liner also has 
a ‘Seagraph III” high-power recording echometer, with an 
additional ‘Metron’ visual depth indicator of the direct- 
reading dial type, and ‘Salvare’ permanent lifeboat installa- 
tions are built into two of her boats. 

The Oriana has a most comprehensive sound-reproduction 
system employing more than 1 600 loudspeakers. The installa- 
tion falls into two main divisions—the main cabin entertain- 
ment system, and the order system. 

The heart of the sound reproduction installation, built into 
a room adjacent to the radio office, is a three-bay rack 
assembly containing all the necessary pre-amplifiers, main 
amplifiers, monitor panel, and input and output selector units 
to select, amplify, and distribute speech or music, as appro- 
priate, over the various sections of the network. Beside this 
is the control console, a unit embodying two record players, 
two tape players—one of them for long-playing of continuous 
tapes—a tape recorder, a mixer unit, and a local microphone. 
Music or speech, or both, from this control console can be 
fed into the amplifier rack assembly for distribution as 
required, as can the input from any of twenty-four microphone 
points in the public rooms of the vessel. Distribution may be 
to any or all of switch-selected groups of loudspeakers in 
first class, tourist, and crew areas. 

In addition, two independent programmes are supplied to 
all passenger and crew cabins and to hospital wards, each 
loudspeaker being fitted with a combined selector switch and 
volume control which allows the user to select either pro- 
gramme or switch off altogether. When the switch is in the 
* off’ position the loudspeaker is actually connected to a third 
channel over which important announcements or alarm signals 
may be transmitted, these also being substituted for entertain- 
ment on the two programme channels at the same time. This 
‘alarm condition’ has overall priority; and in the event of 
mains failure the equipment will automatically start up and 
connect itself to an emergency power supply. 
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out more accurately and rapidly than would be achieved 
by alternative methods; and may be considered as an 


example of a comprehensive automation scheme with, 
perhaps, a slightly unusual end product. 


REFERENCES 


. Flying Television. Hawker Siddeley Rev. (June 1955). 

. Radome Development. Hawker Siddeiey Rev. (March 1956). 

. Youne, R. E. Industrial Inspection. Data Processing (Jan. and Mar. 1959) 
. British Pat. 742 983. 


. Exiey, F., Youne, R. E. A Grounded Grid A System with High Stability 
Characteristics. Electronic Engng. 28, 202 (1956 


(To be continued) 


Two other master control panels are installed in the chart- 
room and in the purser’s office. The former, with secondary 
priority, provides the bridge staff with facilities for passing 
announcements and orders to first class passengers; to tourist 
class passengers; to all passenger cabins; to crew; or simul- 
taneously to all. The master control point in the purser’s 
office has third priority. 

A completely independent boat order system employs an 
interlaced pattern of reflex-horn loudspeakers situated at boat 
station points, The interlaced connexion system ensures that, 
in the event of cable damage, every second loudspeaker in the 
pattern would remain operational. 

The Oriana’s television system was designed and engineered 
by Marconi’s Wireless Telegraph Co. Ltd, and provides a 
completely co-ordinated internal and off-air television service. 
The installation provides for the reception of television broad- 
casts employing the 405, 525 or 625 line systems. 

Wherever alternative programmes are available, passengers 
can change from one channel to another by using the normal 
channel selector switch. 

Initially, some sixty receivers will be installed in public 
rooms and first class cabins and provision is being made for 
increasing the number up to a maximum of nearly 400 at 
a later date, without any alteration to the basic installation. 

A major feature of the system is the use of standard pro- 
prietary receivers, the incoming broadcast programmes being 
processed as appropriate in a central television contro] room 
adjacent to the radio office before distribution to the receivers 

The processing equipment includes two Marconi Vidicon 
camera channels which also form part of Oriana’s closed- 
circuit installation. While the ship is on the high seas this 
provides internal programme facilities mainly derived from a 
library of 16mm films. 

Still pictures and captions can also be shown, and extem- 
pore captions and announcements can be made up on caption 
boards and inserted in the programme. Simple live studio 
sequences, interviews and outside shots can be arranged by 
employing either camera as a remote unit outside the control 
room. A commentator’s microphone is also provided 

Each of the two camera channels is associated with a 
separate 16mm film projector and a separate slide projector. 
Indexed turntables allow the cameras to be rotated to view 
either the film or slide projector. 


Part of the television equipment on the ‘ Oriana 
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The Testing of Metal Tape Magnetic Cores 


for Use in a Code Translator 


By J. D. Andrews*, A.M.LE.E. 


Magnetic cores taken, before testing, from a production line will show variations between samples. 

For many applications an acceptance test must be made and it is desirable for this test to repro- 

duce the conditions which will occur in the equipment for which the cores are intended. The tests 
made on two types of metal tape magnetic cores are described. 

With one type of core it is important that the voltage x time area and ‘1’ to ‘OQ’ signal ratio 
exceeds a certain value. The second type of core is tested for a form of coincident current working 
and for switching speed. 

The acceptance test of these cores is made simple by reducing it to a plug-in operation which pro- 
duces an oscilloscope display behind a test mask, 


(Voir page 61 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 66) 


HIS article describes the tests applied to two types of 

cores used in a code translator. The translator is for 
use in a postal mechanization project which requires the 
translation of several thousand codes. The cores were 
made from a thin tape which is wound into a clock spring 
shape and are shown in Fig. 1. The tape material is fast 
switching alloy which was developed at the Post Office 
Research Station. Two types of this alloy are used having 
the reference codes FSAl and FSA2. The latter alloy 


| 


k 


Fig. 1. Examples of the two types of core resting on graph paper having 


lin spacing between boldest lines 


exhibits higher speed and lower coercivity while having 


a lower saturation flux density than the former. Both 
are made by powder metallurgy and should exhibit a high 
degree of uniformity between different production batches. 


Metal Tape Magnetic Cores to Provide Signals Having 
Large Voltage-Time Areas with High ‘1°’/‘0’ Ratios 
These cores are formed of a metal tape 0-25in wide 
and 0-00lin thick. This tape is tightly wound into a self 
supporting clock-spring form and fitted into a Nylon case 
having inner and outer diameters of lin and I4in. 

FSAI alloy which has the composition 79 per cent 
nickel, 17 per cent iron and 4 per cent molybdenum is 
used in this application. Characteristics of this material 
are that it has a d.c. coercivity of 0-05 Oersteds (4At/m), 
corresponding to 0-5At for this size of core, a saturation 
flux density of 8500 gauss (0-°85Wb/m’) and a ratio of 
remanent to saturation flux densities of 0°8. 


THE APPLICATION FOR THE CORES 
In the translator it is necessary to be able to thread a 
large number of wires through an array of cores and to 


* Post Office Engineering Department 
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be able to induce signals in single turn windings on these 
cores which, for 20usec and for the same switching signal, 
have amplitudes. of 0-9V or less than 0-05V according to 
whether the core was initially in the ‘set’ or the * reset’ 
State. 


CV7006 


Cv7048 
cv7048 ~ 


CV7048 
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Fig. 2. Core switching circuit 


The magnetic material and the core size were chosen 
for these requirements and a method of switching the 
cores was devised to obtain the required signals from the 
core. 

Core SWITCHING CIRCUIT 

In the translator several hundred of these cores are 
switched simultaneously. These could have been ar- 
ranged in one parallel or series group switched from a 
common source but the method adopted is thought to be 
the best way of obtaining the required signals. This 
method employs a pulse generator which drives a parallel 
array of transistors, each of which has one core as a load. 
This last stage is shown in Fig. 2 and when switching, is 
a source which has a constant voltage of 15V and nearly 
zero impedance for currents up to 150mA: at this current 
level the generator impedance becomes very high. The 
stage may be said to combine a low impedance switch 
from a 15V supply with a sharply defined current limiter 
set at 150mA. 

The stage is driven from a 10V source through a 33002 
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resistor with a diode to clip the drive signal to 5V ampli- 
tude. This method of driving reduces the rise-time of 
the signal at the transistor base as compared with the 
rise-time of the 10V drive signal. The 3302 resistor also 
provides isolation between each of the parallel transistors 
and fixes the drive signal provided for each transistor at 
5/330A = 15mA. 

The transistor circuit will now act as an emitter-follower 
to pass a maximum current as specified by the base voltage 
and emitter resistor 5/33A = 150mA. If the core 
which forms the collector load will not accept this current, 
and it will not do so initially, then the emitter current 
would not be 150mA and less than SV would appear 
across the emitter load with correspondingly more across 
the collector load. In order to limit the voltage across 
the collector load to a maximum of ISV a diode clamp 
is provided from collector to the —5V supply which 
ensures that the collector does in fact pass 150mA; the 
current which is not accepted by the load being passed 
by the diode connected to the —SV supply. 

A further diode is provided to prevent the collector 
potential from falling below -30V and exceeding the 
maximum collector-emitter voltage of 32V. This condi- 
tion might occur during reset of the core which is carried 
out by a simple method—threading a wire through all 
cores which may then be reset by passing a current of 
2A in this series of one-turn windings. 

As is seen in Fig. 2 the ‘set’ winding of the core con- 
sists of 16 turns which, with the 15V signal supplied from 
the transistor, causes the core to switch at a rate to induce 
15/16V per turn, ie. at least the 0-9V required by the 
translator. 

The advantage of this type of circuit is well shown by 
the waveforms obtained from cores under test. Fig. 3(a) 
and (b) show waveforms obtained from satisfactory cores. 
It is clear from these oscillograms which show the ‘0’ 
and ‘1° signals, superimposed, that the rate of switching 
of the core as indicated by the induced voltage is limited 
by the applied voltage for both the ‘0’ and ‘1° signals. 
This continues until the rate of change of current in the 
core is arrested by the current limiting characteristic of 
the driving transistor. The induced e.m.f. then falls 
rapidly to zero satisfying the elementary requirement that 
e Lidi/dt). The effect of this method of switching is 
to get rid of the voltage x time area of the ‘0’ signal in 
the shortest possible time and obtain a very high ‘1’/‘0’ 
ratio for the maximum time. 

In cores which, because of eddy currents or other 
effects, are not capable of switching at a rate to give 0-9V 


Fig. 3. Waveforms obtained for cores under test 
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per turn (when the rate of switching is limited by the 
applied voltage) it is noted that the e.m.f. induced does 
not fall rapidly to zero. This may be considered as being 
due to part of the applied switching current being passed 
on to a load (eddy currents perhaps). When the applied 
switching current reaches its maximum, that part which is 
transferred to the load will tend to fall as the switching 
rate falls, thus allowing a continuing change in the current 
available to switch the core. Waveforms obtained from 
cores exhibiting this effect are shown in Fig. 3(c) and (d). 
In these two cases the ‘1°/‘0’ ratios obtained are much 
worse than those obtained in Fig. 3(a) and (b) where the 
ratio is better than 100:1 for the whole of the required 
20usec. 


TEST CONDITIONS 
A pulse generating equipment which had been made for 
use in the translator was adapted for testing the cores. A 


Fig. 4. The ‘mask’ super- 
imposed on a timing wave- 
form 


miniature 25-way plug was used to allow the ‘ set’ winding 
of 16 turns and ‘reset’ winding of 1 turn to be threaded 
in one operation thus simplifying the testing of the cores. 

A blocking oscillator free-running at about 300p/s and 
having an on/off ratio of about 1:10 was used to drive 
Fig. 6 


the equipment as shown in the diagram of Fig. 5. 
shows the waveforms which result and it may be seen 
that there are two ‘set’ pulses for every ‘reset’ pulse: 
one of these ‘ set’ pulses must find the core in the ‘ reset’ 


condition while the other finds it in the ‘set’ condition. 

The oscilloscope is synchronized to the start of the ‘ set’ 
pulse generator and a display of superimposed and alter- 
nate ‘0’ and ‘1° signal results as shown in Fig. 3. 

The 10usec delay is inserted between the end of the 
‘reset’ pulse and the start of a ‘set’ pulse in order that 
the core should be ‘at rest’ before each ‘set’ pulse. 

A mask was made for an oscilloscope and Fig. 3 shows 
it superimposed on some typical waveforms and Fig. 4 
shows it with a timing waveform of 1Mc/s with 100kc/s 
markers. 


The mask is marked with: 


(a) A horizontal line having a vertical start line at the 
left. 


(b) A right-angle to fix 
<10usec duration to 


limits on the ‘0’ 
<0-05V amplitude. 


(c) A right-angle to fix limits on the ‘1’ signal of 
>30usec duration to >0-85V. 

(d) A spot at 35usec duration and 0-85V amplitude 
to allow the acceptable cores to be graded accord- 
ing to whether they did or did not exceed this 
spot. No part of the circuit required cores to 
pass this spot but it was included to gather in- 
formation on the cores. 


signal of 


RESULTS 

Four selections were made of these cores, the first two 
selections being acceptable because they satisfied the 
right-angles marked on the mask defining the maximum 
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size of the ‘0° signal and minimum size of the ‘1° signal. 
The first of these selections exceeded the 35usec mark 
for the minimum size of the ‘1’ signal while the second 


selection did not. . The difference between these groups 
was largely due to the difference in the quantity of mag- 
netic material in the core this being proved by weighing 
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Fig. 5. Set and rest pulse generator control 
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Fig. 6. Set and reset pulse relationship 
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Fig. 7. Characteristic of a typical square B-H loop core 


some of the cores which showed that the heavier cores 
exhibited larger volt-time areas. 

The remaining two selections were for cores which did 
not satisfy the test limits for ‘0’ and ‘1’ signal ampli- 
tudes. The third selection being for cores which only 
just failed to satisfy the limits while the fourth failed by 
a large margin. While some of the cores in the third 
category failed the test limits only because the ‘1° signal 
was of insufficient duration, which was thought to be due 
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to insufficient magnetic material, most of the cores in 
this and the fourth category failed the test because of low 
switching speed which is well shown in Fig. 3. This low 
speed was almost certainly due to eddy current losses 
resulting from insufficient electrical insulation between 
layers of the magnetic tape. This was borne out by 
measurement of the end to end resistance of the magnetic 
tape while the tape was in its spiral form. 


The following totals appeared in the four selections : — 
(1) 247 = 
(2) 417 
(3) 222 = 
(4) 196 - 

Total 1 082 


5 ~ 
5 ot ams 4 62 per cent passed 


39 per cent j 
, 

21 per cent 38 per cent failed. 
17 per cent 


100 per cent 


Metal Tape Magnetic Cores for a Coincident Current 
Switching Application 

These cores consist of 15 wraps of magnetic tape 
0:25in wide and 0-000Sin thick; the tape being wound 
on a ceramic bobbin size No. 30. This bobbin fixes the 
inside diameter of magnetic path at 0-312in. 

The tape is made of FSA2 alloy which has the com- 
position 80 per cent nickel, 12 per cent iron and 8 per 
cent molybdenum. Characteristics of the material are 
that it has a d.c. coercivity of 0-023 Oersteds (0-18At/m), 
corresponding to 0-OSAt for this size of core, a saturation 
flux density of 2400 gauss (0-24Wb/m’) and a ratio of 
remanent to saturation flux densities of 0-8. 


APPLICATION FOR THE CORES 


In the translator it is required that a current flowing 
in a wire passing through 13 of these cores should be 
capable of setting the cores. The current exists for only 
20usec and is derived from a low impedance source having 
an e.m.f. of 1-1V with the series impedance of a gold- 
bonded point-contact diode (CV 7048) causing a limita- 
tion of current by virtue of its forward characteristic 
which is specified as requiring 085V for a current of 
100mA. 

It is also necessary that these cores should be as large 
as possible in order to permit the threading of a large 
number of wires through the core. 

A material having a rectangular B-H loop, was chosen 
for the cores as it permits a form of coincident-current 
working to be used whereby a forward signal is given 
to all cores of insufficient value to cause appreciable 
switching but giving a useful addition to the available 
switching field. The rectangular nature of the material 
also allows the cores to be used as a form of magnetic 
amplifier in that the cores are set by a low level signal 
with the ‘sensing’ or ‘read-out’ winding of the core 
unloaded by virtue of a series diode. The cores which 
are set by this low-level signal are later reset by a signal 
which is powerful enough to switch the core rapidly, 
thus producing a voltage signal which is nearly ten times 
as large as that due to the low-level set signal. This 
larger reset signal is also of the correct polarity to allow 
a current to flow from the read-out winding through the 
series diode to a load thus producing amplification of the 
low-level set signal to provide a current into a load from 
a source of greater e.m.f. 

The cross-sectional-area of the cores was chosen on the 
basis that the cores should be fully switched by the voltage 
x time area of the applied signal: if this was not 
achieved then the wanted/unwanted signal ratio would 
be reduced because this would fall below the ‘1°/‘0’ 
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resistor with a diode to clip the drive signal to SV ampli- 
tude. This method of driving reduces the rise-time of 
the signal at the transistor base as compared with the 
rise-time of the 10V drive signal. The 330{) resistor also 
provides isolation between each of the parallel transistors 
and fixes the drive signal provided for each transistor at 
5/330A = 15mA. 

The transistor circuit will now act as an emitter-follower 
to pass a maximum current as specified by the base voltage 
and emitter resistor 5/33A 150mA. If the core 
which forms the collector load will not accept this current, 
and it will not do so initially, then the emitter current 
would not be 150mA and less than 5V would appear 
across the emitter load with correspondingly more across 
the collector load. In order to limit the voltage across 
the collector load to a maximum of I5V a diode clamp 
is provided from collector to the —5V supply which 
ensures that the collector does in fact pass 150mA; the 
current which is not accepted by the load being passed 
by the diode connected to the —S5V supply. 

A further diode is provided to prevent the collector 
potential from falling below -30V and exceeding the 
maximum collector-emitter voltage of 32V. This condi- 
tion might occur during reset of the core which is carried 
out by a simple method—threading a wire through all 
cores which may then be reset by passing a current of 
2A in this series of one-turn windings. 

As is seen in Fig. 2 the ‘set’ winding of the core con- 
sists of 16 turns which, with the 15V signal supplied from 
the transistor, causes the core to switch at a rate to induce 
15/16V per turn, i.e. at least the 0-‘9V required by the 
translator. 

The advantage of this type of circuit is well shown by 
the waveforms obtained from cores under test. Fig. 3(a) 


and (b) show waveforms obtained from satisfactory cores. 


, 


It is clear from these oscillograms which show the ‘0 
and ‘1’ signals, superimposed, that the rate of switching 
of the core as indicated by the induced voltage is limited 
by the applied voltage for both the ‘0° and ‘1’ signals. 
This continues until the rate of change of current in the 
core is arrested by the current limiting characteristic of 
the driving transistor. The induced e.m.f. then falls 
rapidly to zero satisfying the elementary requirement that 
e = L(di/dt). The effect of this method of switching is 
to get rid of the voltage x time area of the ‘0’ signal in 
the shortest possible time and obtain a very high ‘1’/‘0’ 
ratio for the maximum time. 

In cores which, because of eddy currents or other 
effects, are not capable of switching at a rate to give 0-9V 


Fig. 3. Waveforms obtained for cores under test 
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per turn (when the rate of switching is limited by the 
applied voltage) it is noted that the e.m.f. induced does 
not fall rapidly to zero. This may be considered as being 
due to part of the applied switching current being passed 
on to a load (eddy currents perhaps). When the applied 
switching current reaches its maximum, that part which is 
transferred to the load will tend to fall as the switching 
rate falls, thus allowing a continuing change in the current 
available to switch the core. Waveforms obtained from 
cores exhibiting this effect are shown in Fig. 3(c) and (d). 
In these two cases the ‘1’/‘0’ ratios obtained are much 
worse than those obtained in Fig. 3(a) and (b) where the 
ratio is better than 100:1 for the whole of the required 
20 usec. 


TEST CONDITIONS 
A pulse generating equipment which had been made for 
use in the translator was adapted for testing the cores. A 


Fig. 4. The ‘mask’ super- 
imposed on a timing wave- 
form 


miniature 25-way plug was used to allow the ‘ set’ winding 
of 16 turns and ‘reset’ winding of 1 turn to be threaded 
in one operation thus simplifying the testing of the cores. 

A blocking oscillator free-running at about 300p/s and 
having an on/off ratio of about 1:10 was used to drive 
the equipment as shown in the diagram of Fig. 5. Fig. 6 
shows the waveforms which result and it may be seen 
that there are two ‘set’ pulses for every ‘reset’ pulse: 
one of these ‘set’ pulses must find the core in the ‘ reset ’ 
condition while the other finds it in the ‘set’ condition. 

The oscilloscope is synchronized to the start of the ‘ set’ 
pulse generator and a display of superimposed and alter- 
nate ‘0’ and ‘1° signal results as shown in Fig. 3. 

The 10usec delay is inserted between the end of the 
‘reset’ pulse and the start of a ‘set’ pulse in order that 
the core should be ‘at rest’ before each ‘set’ pulse. 

A mask was made for an oscilloscope and Fig. 3 shows 
it superimposed on some typical waveforms and Fig. 4 
shows it with a timing waveform of 1Mc/s with 100kc/s 
markers. 


The mask is marked with: — 


(a) A horizontal line having a vertical start line at the 
left. 


(b) A right-angle to fix limits on the ‘0’ signal of 
<10usec duration to <0-05V amplitude. 

(c) A right-angle to fix limits on the ‘1’ signal of 
>30usec duration to >0-85V. 

(d) A spot at 35usec duration and 0-85V amplitude 
to allow the acceptable cores to be graded accord- 
ing to whether they did or did not exceed this 
spot. No part of the circuit required cores to 
pass this spot but it was included to gather in- 
formation on the cores. 


RESULTS 


Four selections were made of these cores, the first two 
selections being acceptable because they satisfied the 
right-angles marked on the mask defining the maximum 
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size of the ‘0° signal and minimum size of the ‘ 1” signal. 
The first of these selections exceeded the 35usec mark 
for the minimum size of the ‘1’ signal while the second 
selection did not. The difference between these groups 
was largely due to the difference in the quantity of mag- 
netic material in the core this being proved by weighing 
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Fig. 5. Set and rest pulse generator control 
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Fig. 6. Set and reset pulse relationship 
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Fig. 7. Characteristic of a typical square B-H loop core 


some of the cores which showed that the heavier cores 
exhibited larger volt-time areas. 

The remaining two selections were for cores which did 
not satisfy the test limits for ‘0’ and ‘1’ signal ampli- 
tudes. The third selection being for cores which only 
just failed to satisfy the limits while the fourth failed by 
a large margin. While some of the cores in the third 
category failed the test limits only because the ‘1’ signal 
was of insufficient duration, which was thought to be due 


JANUARY 1961 


to insufficient magnetic material, most of the cores in 
this and the fourth category failed the test because of low 
switching speed which is well shown in Fig. 3. This low 
speed was almost certainly due to eddy current losses 
resulting from insufficient electrical insulation between 
layers of the magnetic tape. This was borne out by 
measurement of the end to end resistance of the magnetic 
tape while the tape was in its spiral form. 


The following totals appeared in the four selections : — 
(1) 247 = 
(2) 417 = 
(3) 222 = 
(4) 196 - 

Total 1 082 


“ 
23 pw gat.) 62 per cent passed 


39 per cent | 
21 per cent 

38 per cent failed. 
17 per cent 


100 per cent 


Metal Tape Magnetic Cores for a Coincident Current 
Switching Application 

These cores consist of 15 wraps of magnetic tape 
0-25in wide and 0-000Sin thick; the tape being wound 
on a ceramic bobbin size No. 30. This bobbin fixes the 
inside diameter of magnetic path at 0-312in. 

The tape is made of FSA2 alloy which has the com- 
position 80 per cent nickel, 12 per cent iron and 8 per 
cent molybdenum. Characteristics of the material are 
that it has a d.c. coercivity of 0-023 Oersteds (0-18At/m), 
corresponding to 0-OSAt for this size of core, a saturation 
flux density of 2400 gauss (0-24Wb/m’) and a ratio of 
remanent to saturation flux densities of 0-8. 


APPLICATION FOR THE CORES 


In the translator it is required that a current flowing 
in a wire passing through 13 of these cores should be 
capable of setting the cores. The current exists for only 
20usec and is derived from a low impedance source having 
an e.m.f. of 1-1V with the series impedance of a gold- 
bonded point-contact diode (CV 7048) causing a limita- 
tion of current by virtue of its forward characteristic 
which is specified as requiring 0-85V for a current of 
100mA. 

It is also necessary that these cores should be as large 
as possible in order to permit the threading of a large 
number of wires through the core. 

A material having a rectangular B-H loop, was chosen 
for the cores as it permits a form of coincident-current 
working to be used whereby a forward signal is given 
to all cores of insufficient value to cause appreciable 
switching but giving a useful addition to the available 
switching field. The rectangular nature of the material 
also allows the cores to be used as a form of magnetic 
amplifier in that the cores are set by a low level signal 
with the ‘sensing’ or ‘read-out’ winding of the core 
unloaded by virtue of a series diode. The cores which 
are set by this low-level signal are later reset by a signal 
which is powerful enough to switch the core rapidly, 
thus producing a voltage signal which is nearly ten times 
as large as that due to the low-level set signal. This 
larger reset signal is also of the correct polarity to allow 
a current to flow from the read-out winding through the 
series diode to a load thus producing amplification of the 
low-level set signal to provide a current into a load from 
a source of greater e.m_f. 

The cross-sectional-area of the cores was chosen on the 
basis that the cores should be fully switched by the voltage 
x time area of the applied signal: if this was not 
achieved then the wanted/unwanted signal ratio would 
be reduced because this would fall below the ‘1°/‘0’ 
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ratio which is the maximum obtainable (Fig. 7). The 
voltage of the signal applied to 13 cores is 1-1 minus the 
forward drop of 0°85 of the diode; this is 0-25V and it is 
present for 20usec giving a voltage x time area of 
SuVsec for 13 cores or about 0-4uVsec for one core. 
This signal which must appear on a one turn winding 
corresponds to a flux change of 40 lines (40Wb) and was 
the basis for choosing a core having 15 wraps of the tape 
giving a cross-sectional area of about 0-002in’ or about 
0-01l2cm* which, with the total ‘1’ signal flux density 
change of about 4000 gauss (0-4Wb/m’), gives rise to 
about the required flux change. 
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Fig. 8. Carrent waveforms delivered in a one turn winding to the core 
under test 


Test CONDITIONS 


Having decided theoretically on the most suitable size 
and type of core it was then necessary to test trial quanti- 
ties in order to determine the average characteristics. This 
enabled the design of surrounding circuits, such as those 
which supplied the forward bias currents and which 
reacted to the output signals, to be finalized and this also 
allowed test limits to be placed on the cores. These 
limits are as follows: — 


(a) That the core should be fully set in 20nsec by a 
signal of 0-18At. 


(b) That the core would be unaffected by a signal of 
0-1At for 20usec; control is also exercised at the 
0-12At point in order to ensure that cores which 
have a knee too near the 0-1At point are rejected. 


(c) That a ‘1’ signal should exceed 0-18V/turn with 
a switching signal of 0-65At. 


(d) Thai the difference between ‘0’ signal from the 
test core and a ‘0’ signal from an ‘ average’ core 
should not exceed 0-03V/turn with a switching 
signal of 0-65At. 


Test EQUIPMENT 

In order to determine whether the core met the re- 
quired conditions a pulse-pattern generator which has 
been designed for another purpose was modified to test 
these cores. The pulse pattern used is shown in Figs. 8 
and 9 and the block diagram of this generator is shown 
in Pig. 10. 

A 4kc/s square-wave oscillator is used to drive the 
generator. This oscillator will show two transitions to 
complete the cycle. One of these transitions (phase 2) is 
used to cause a shift register to step while the other tran- 
sition (phase 1) is used to set the first stage of the shift 
register. This ensures that the shift register is inactive 
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when it is supplied with a fresh digit. This form of dis- 
tributor is used in preference to a more simple ring counter 
as it is self-starting and cannot contain more than one 
digit; the 8-step shift register being supplied with a digit 
only once in every 16 steps. 

Each of the eight stages of the shift register is able, 
when shifting a digit to the next stage, to trigger an asso- 
ciated ‘set’ pulse generator. These eight ‘set’ pulse 
generators (one of which is shown in Fig. 11) are indivi- 


Fig. 9%. Voltage appearing 
across a 5°) resistor connected 
im place of the core (voltage 
scale different from Fig. 7) 
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Fig. 10. Equipment for testing No. 30 cores 


dually adjusted to provide the appropriate current in the 
winding of the core under test. 

The ‘reset’ pulse generator, which is also shown in 
Fig. 11, is triggered by the phase 1 output of the 4kc/s 
oscillator. This causes a ‘reset’ pulse to be interleaved 
between every ‘set’ pulse. 

The current pulse pattern which is obtained in this way 
and which is shown in Figs. 8 and 9 is applied to a one 
turn winding of the core under test. It is necessary to 
use a second one-turn winding to observe the reaction of 
the core to the current pulses because of the potential 
drop caused by these pulses in the self impedance of the 
one-turn winding. A mask was made for an oscilloscope 
which was used to display these voltage signals: the mask 
lines and induced voltage signals being as shown in Fig. 12. 

The ‘set’ and ‘reset’ pulse generators are of a type 
previously described’, their operation being as follows. 
They are normally held off by the positive base-emitter 
bias which will exist for a collector-base leakage current 
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Fig. 11. 
as high as ImA which corresponds to a junction tempera- 
ture of about 80°C. They are triggered by negative 
signals at the base and regenerative switch-on then takes 
the transistor to the ‘ bottomed” state in less than lusec. 
Nearly the full supply voltage will then appear across the 
collector loac inductance and current will commence to 
rise at a rate E/L A/sec. This rate of change of current 
will continue until the transistor becomes starved of base 
current because of the potential drop in the emitter 
resistor produced by this increasing current. The dura- 
tion of the pulse is thus dependent upon the values of 
the supply voltage, collector-base transformer turns-ratio, 
collector load inductance and emitter load resistance. 

These pulse generators are each connected to an am- 
plifying stage which will pass a certain current which is 
specified by the amplitude of the voltage signal supplied 
from the pulse generators and the value of the emitter 
resistor. Both ‘set’ and ‘reset’ amplifying stages are of 
the same form but while the ‘set’ stage is an emitter- 
follower the reset stage is a Bootstrap circuit. Both 
stages have positive base bias due to the forward conduc- 
tion drop of the diode in the emitter circuit. 


THE EFFECT OF SWITCHING FIELD UPON SWITCHING TIME 

The cores are required to switch with a signal of 20usec 
duration. It is well known that the speed of switching 
is dependent on the value of the switching field and this 
is well illustrated by Fig. 13. Figs.13(c) and 13(d) show, 
superimposed one upon another, the signals induced in a 
one turn winding by the eight forward pulses and when 
these oscillograms are compared it is clearly seen that 
some of the current pulses are not able to complete the 
switching of the core in 20usec, but can do so if the 
pulse duration is extended to SOusec. This can also be 
seen by comparing Figs. 13(a) and 13(b) which show the 
same pulse pattern applied to the same core, the only 
difference between the two being in the ‘set’ pulse dura- 
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tion which is 20usec in Fig. 13(a) and SOusec in Fig. 13(b). 
The oscillograms clearly show the need for restricting to 
20usec the duration of the forward bias which is applied 
to all cores but which must not switch them. By restrict- 
ing the time in this way the highest possible forward bias 
may be used, i.e. the greatest possible ‘squareness’ is 
obtained. 
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RESULTS 
When testing, if the signals from a core were not better 
than the boundary conditions set by the mask then the 
core was rejected into one of two ‘reject” boxes. The 
cores which did satisfy the boundary conditions were put 
into one of three ‘accept’ boxes. These five categories 
into which the cores were divided were made up as 
follows : — 
Reject 
(1) Cores which failed to meet the 0-18V line on the 
mask: most of these cores appeared to have a 
switching time which was too long. Fig. 14(a) 
shows the voltage waveforms obtained from a core 
falfing into this category. 
Cores which appeared to have a coercivity which 
was too low as indicated by passing the 0-03V line 
or 0-5V point on the mask. Most of these cores 
may be described as ‘too good’ while a few ap- 
peared to have too much magnetic material. Fig. 
14(b) shows a typical waveform. 
Accept 
These cores were divided into three groups according 
to the switching speed of the core as indicated by the 
amount by which the signals exceeded the 0-18V line of 
the mask. The groupings being approximately: 
(3) 0-18V to 0-22V (Fig. 14(c)) 
(4) 0:22V to 0-:28V (Fig. 14(d)) 
(5) > 0-28V (Fig. 14(e) ) 
Of the cores which were tested the following totals ap- 
peared in the five boxes: — 


Fig. 13. Dependence of switching speed on switching ficid 
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The high failure rate is due to the very stringent require- 
ments placed on the cores. A reduction of required 
‘squareness’ from 100/180mAt to 90/180 would have 
reduced the rejects in group (2) to a negligible figure. A 
reduction in the speed required during ‘reset’ such as to 
produce only 0-15V per turn instead of 0-18V would have 
reduced the number of rejects in group (1) by over one 
third. These two relaxations together would reduce the 
proportion of cores rejected to below 10 per cent. 


Conclusions 

The tests applied to the cores were very stringent. The 
results obtained show that a high degree of uniformity 
can be expected of cores made in the same manner as 
those described. 

The method of testing made it possibie to easily obtain 
some idea of the variations that occurred between one 
core and the next and thus sort the cores into several 
groups. Having achieved these selections of the cores it 
was then possible to use all cores of one selection in one 
particular part of the equipment so that appropriate slight 
modifications to the surrounding circuits could be made 
if required. This could, for instance, make it possible to 
use some of the rejected cores. 
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An Electronic Railway Signalling System 


 beseapevae Railways are to install what is believed to be 
the first electronically-operated system of signal inter- 
locking in the world in Henley-on-Thames signal box. The 
new system has successfully completed its laboratory tests 
and will be installed in this branch-line signal box in the 
Western Region for full-scale trials. It is hoped that the 
new apparatus, which may lead to important savings ‘n 
maintenance costs, will be working by the early summer. 

Interlocking has been effected in the past either by 
mechanical locks or, in more modern installations, by 
electromagnetic relays. These will be replaced in the Henley 
installation by electronic circuits incorporating transistors, 
semiconductor diodes, and ferrite cores. The principal 
advantage of the electronic systeim is that it has no moving 
parts and could therefore lead to important savings in 
maintenance costs. 

Adoption of electronic interlocking for future signalling 
schemes will, however, largely depend upon its ability to 
surpass the outstanding reliability of magnetic relays, which 
can operate for a minimum of five years in a sealed box 
and have a failure rate of only one in thousands of millions 
of operations. 

The system is being developed by Mullard Equipment 
Ltd under a contract placed by the British Transport Com- 
mission, and the principles have recently been demonstrated 
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on a model track consisting of a standard double junction 
and using the conventional ‘ entrance-exit switch and push- 
button system’ with track and point indication. 

The layout of the model is shown in Figs. 1 and 2 
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Fig. 1. 


The layout of the experimental model track 





Suppose it is required to set up the route in the direc- 
tion B to D. Then the direction switch at B is set to direc- 
tion B to F and the exit button at D is pressed. This action 
results in the points 100 and 101 being moved to the 
reverse position. These points are interlocked and the 
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sequence is that points 101 are reversed first and when they 
have been detected as being reversed, the points 100 are 
reversed. However, this route B to D can only be called 
provided that the information from the track circuits 
involved indicates that there is no train on the track and 
also that the points are not locked—that is to say, that a 
prior route has not been set up along, for instance, E to 4. 

A simplified example cf a sequence of events is shown 
in Fig. 3. 

The pulses from the push-button at D are fed to an 
OR gate which sets up a feedback path to maintain the 
circuit. The output from the or gate is fed, together with 
the signal from the switch at B, to the AND gate which 
then—and only then—gives an output to the first track 
circuit AND gate. This input together with the input from 
the track circuit (providing this is clear) will result in an 
output to the next track circuit AND gate and so on. After 
all the track circuits have given the information that they 
are unoccupied, the points 101 are reversed (and again 
providing they are not locked) and the signal from the 
track circuits together with the information that 101 is 
now reversed and locked is fed to another AND gate. The 
points 100 are now reversed and locked, and this informa- 
tion, together with the output from the last AND gate, is 
fed to the final AND gate, the output of which clears the 
signals at B. 

This is a logical process and if for any reason ‘he 
required information does not reach any one of the aNp 
gates in the chain the sequence will be broken and the 
route will not be cleared. When a route has been cleared 
and a train travelling in the direction B to D, for example, 
has passed over the first track circuit in the route, the 
signal is automatically returned to red. Although the direc- 
tion switch is still set, this route cannot be used again by 
pressing the exit button until the whole sequence of call- 
ing has been repeated. 

In addition to the interlocking of the points and the use 
of track circuits, there is also a device whereby if a 
signalman has set up a wrong route (B to F instead of B 
to D for instance) he is unable to reset the route imme- 
diately if a train has already entered the approach track 
circuits. He can, however, set all the signals to red, and 
after a suitable time delay to allow the train to stop the 
route can be reset. Obviously if this device were not 
included a signalman would be able to reverse the 100 
points, which may not complete their movement before the 
train reached them. 


Fig. 2. The model track with the transistorized plog-in units in the foreground 
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Fig. 3. Simplified example of sequence of events 


Fig. 4. One of the plog-in logic units 


The logic system can therefore provide an anti-preselec- 


tion device and an approach locking device to meet 


signalling requirements. 

It should be noted that the points 101 are reversed in 
the setting up of the route from B to D. This is an addi- 
tional safety precaution designed to take care of circum- 
stances which could arise if the route E to A were on an 
up-gradient. A train which had earlier passed over this 
route and is now beyond A may 
have become uncoupled. In this 
event, the uncoupled portion of the 
train will run down towards E and 
cross over the route B to D. With 
points 101 reversed the uncoupled 
portion will be deflected towards C 
and the risk of collision will oe 
eliminated. 

The electronic logic units from 
which the system is constructed are 
of the plug-in type and are shown 
in Fig. 4. They are designed to 
operate safely in ambient tem- 
peratures between -—28°C and 
+ 50°C. 

The present equipment has been 
designed to meet the requirements 
of British Railways, but is generally 
applicable to railway systems any- 
where in the world. 
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A Portable Integrating 


Scintillation Counter 
By J. C. Harvey*, B.Sc. 


The instrument described was designed for use 
where the levels of activity are too low for the 
ratemeter type of arrangement to give sufficient 
activity, as for instance on exposed rock mass or 
samples of rock in the laboratory. A high speed 
electromechanical counter preceded by a decade 
scaler is used. The complete equipment, including 
the photo-multiplier power supply, is tran- 
sistorized and is fully portable. 





(Voir page 61 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 65) 


HIS instrument was designed to meet the requirement 
for an easily portable field instrument which also had 
facilities for laboratory work. It is used for the investi- 
gation of the radioactivity of certain types of rock masses. 


Design Requirements 

Currently available portable scintillation counters have 
a ratemeter indicator, which is suitable for plotting levels 
of radioactivity well above the background count due to 
cosmic radiation and that coming from the surrounding 
ground. A portable scaler is also now available but, with 
a detector, makes too bulky a package for the long dis- 
tances that have to be covered on foot. The instrument 
described here is required to measure the variations of 
radioactivtiy over an exposed rock mass, and between 
samples of any particular type of rock in the laboratory. 
The levels of activity are not high enough for the rate- 
meter arrangement to give sufficient accuracy, in fact, 
they are that part of the ‘ background’ count that comes 
from the ground level. In order that the statistical signifi- 
cance of the data can be assessed to the required accuracy 
it is necessary to have a total count per sample or at each 
station of not less than 10000. To get satisfactory reso- 
lution a high speed electromechanical counter’ was chosen, 
which would count up to 50 per second, and this is pre- 
ceded by a decade scaler. 


Circuit Description 

The circuit is divided into sections as shown in Fig. 1. 
The gamma-sensitive sodium-iodide (thallium-activated) 
scintillator with photo-multiplier tube and transistor ampli- 
fier are all placed in a sealed container which has an end 
attachment for loading powdered samples of rock. It is 
necessary to have this section separate so that it can be 
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placed in a lead castle when analysing samples in the 
laboratory. The main instrument box holds the high 
voltage (1-8kV) generator, corona stabilizers, decade 
scaler, electromechanical counter, and two lantern cells. 
For economy, provision is made for changeover to an 
external battery on floating charge for laboratory use. The 
instrument as a whole was designed to stand up to very 
rough handling during outdoor work. The delicate 
mechanical counter and the stabilizer tubes are mounted 
on foam rubber. 


Power Suppty (Fig. 2) 

A single transistor oscillator converts the 12V of the 
battery to a rectangular wave, following normal practice’. 
The output from the secondary winding is fed to a 
Cockcroft-Walton voltage multiplier’. The voltage is 
stabilized by two corona stabilizers in series to give a total 
of 1‘8kV. The output current required is 150 to 200uA, 
for the photo-multiplier anode current and resistor chain 
which supplies the dynodes. The transistor, a 4W type, 
is run well within its rating, and has no heat sink. Early 
experiments showed that there was capacitive coupling 
from high voltage points into the counting circuits, which 
caused a tendency to produce spurious counting. The 
whole generator is sealed in a steel can packed inside with 
anti-corona silicone grease. The operating frequency was 
chosen as 10kc/s so that small mica capacitors, 2:2kV 
working, could be used in the voltage multiplier. The 
transformer was wound on a Hin stack of MEA 74 
Stalloy with a 0-002in gap. The collector to base winding 
ratio is 6:1; the secondary winding being 3 000 turns of 
42 s.w.g. enamelled copper wound next to the core. The 
transistor collector and base windings are on the outside; 
this was done for convenience of experiment. The overall 
efficiency is 60 per cent, but this could be improved by 
changing to a ‘C’ core, or, better, by using a toroidal trans- 
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former which is now available as a manufacured item 
for this purpose. Time did not permit more work in 
this direction so the relatively low efficiency was accepted 
temporarily. 


PHOTO-MULTIPLIER AND AMPLIFIER (Fig. 3) 

A high resistance voltage dividing chain, using high 
stability cracked carbon resistors, supplies the dynodes of 
the 11 stage multiplier (E.M.I. 6097B). The anode of the 
photo-multiplier is coupled by a high-voltage capacitor to 
a step-down transformer which feeds the base of the tran- 
sistor amplifier. This transformer has a ratio of 3:1; the 
primary has 100 turns of 42 s.w.g. enamelled copper, and 
a 4in stack of MEA Mumetal laminations is used. The 
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Fig. 1. General layout 
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collector is transformer-coupled to the transistor scaler 
via a similar transformer and low capacitance coaxial 
cable. A positive output pulse is provided. Discrimina- 
tion is necessary to reject low energy pulses generated at 
the photo-cathode thermally, which add to the count. The 
overall sensitivity of an 11 stage photo-multiplier is ap- 
proximately proportional to the 8" power of the applied 
voltage, but if all the low energy pulses are rejected it is 
possible to achieve a ‘ plateau” on the count rate versus 
applied voltage characteristic. The emitter is held nega- 
tive with respect to the base by means of the potential 
dividers Ri Re R; Ri. Three volts discrimination was 
found to be most satisfactory. A response curve is given 
in Fig. 4. The stability of the amplifier is most important 
because it affects the discrimination level of the detector 
as a whole. To reduce collector current changes due to tem- 
perature an emitter resistor is used and the base bias chain 
is supplied via a resistor in the collector circuit, which 
also acts as a decoupling resistor‘. A high frequency 
transistor is necessary here. The supply voltage must be 
constant and a variable resistor is used to set this to 10V 
for the amplifier and the decade scaler units. A Zener 
diode would be an improvement here, but a voltmeter is 
essential to make sure that a constant voltage is main- 
tained during a run of readings, which may extend over 
many months. The actual voltage across the transistor 
is 4V. 
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DECADE SCALER 

This consists of four binary circuits in series, with feed- 
back. High frequency transistors are used to give fast 
response. Their inherently low /.o gives a good on-off 
characteristic for the low currents used. The resolving 
time of the input binary was found to be less than 10usec 
which is quite satisfactory for the relatively low count 
rate, up to 500 per minute, which is met in practice. The 
basic binary circuit and feedback arrangement’ is given in 
Fig.5. Once the bias voltage had been set by adjusting 
the ratio of R; and R» the scaler worked without fault over 
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long periods of continuous running and needed no further 
attention. It is most important that this part of the cir- 
cuit works without error and regular tests are made to see 
that it does so. Several different types of high frequency 
transistors were tried to see whether the bias setting was 
critical, but they all worked without change of bias volt- 
age. The negative going output pulse is fed to the base 
of the transistor that drives the electromechanical register. 


ELECTROMECHANICAL REGISTER 

The circuit is given in Fig. 6. The register is a high 
speed type described by Townend’. It is modified for this 
application by rewinding the coils so that they form a 
blocking oscillator transformer as well as provide a mag- 
netic field to operate the counting mechanism. The 
winding is divided into 1 100 turns of 28 s.w.g. enamelled 
copper for the collector and 500 turns of 34 s.w.g. for 
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the base, spread over the two bobbins. Diodes are used 
to prevent overshooting. The counter works satisfac- 
torily up to 50 counts per second. In present use it does 
not need to go above 5 per second, but the resolving time 
has to be small. With the decade scaler a maximum 
count rate from the detector of 500 per second is possible. 
Because of the high pulse of current which flows during 
the regenerative period it is necessary to decouple the 
head amplifier, and decade circuits from the counter. This 
decoupling is inherent in. the voltage setting and thermal 
stabilizing resistors and the associated capacitors. 
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FEEDBACK CIRCUIT 
Fig. 5. Decade scaler 


Mechanical Details 


These are shown generally in Fig. 7. Because of the 
low activity of the material under investigation it is neces- 
sary to reduce the external background count as much as 
practically possible for laboratory work. A lead shield 
is used; 2in of lead is built up round the detector, over 
the base, and lin on top of the lid. This gives a reduc- 
tion of the count rate by a factor of 10, and was chosen 
as being the best compromise between bulk and reduction 
of background. 

For field use the detector is used without the shield 
and is placed close to the ground on a level surface of 
exposed rock extending not less than 3ft radially. The 
rock then subtends approximately 27 solid angle at the 
detector and the count rate is in the range 1 000 to 10 000 
per minute. Reading time per station is about the same 
as that necessary for other observations. 

In the lead shield in the laboratory the count rate is 
approximately 200 per minute without a sample; 150 grams 
of sample are usually available and this quantity placed at 
the bottom of the detector in a flat tin did not increase 
the count rate sufficiently. To increase the effect of 
adding the sample, the holder was built up round the 
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scintillator so that the powder is spread out all round 
the sides and over the bottom. This gives about 100 per 
cent increase in the count rate, and allows valid deduc- 
tions to be made about variations of radioactivity be- 
tween samples. 

It is most important that the container be absolutely 
light-tight and the sample container sealed so that dust 
cannot get through to the interior. 
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Conclusion 


There is an uncertainty in the decade scaler, up to nine 
counts may be stored and not appear in the final register. 
This possibility is not significant in view of the large num- 
ber of the total count. 

The range of energies of the radiation from the trace 
elements under investigation is 0-1 to IMeV. With 3V 
discrimination the count rate without a sample showed 
approximately 15 per cent increase over an applied volt- 
age range from 1-5 to 1-65kV. At 1-6kV the ‘plateau’ 
is reached and the stability achieved is better than 5 per 
cent when statistical deviation is allowed for. The count 
rate with a sample is in the range 300 to 700 per minute. 

The sensitivity of a photo-multiplier is affected by ex- 
posure to light. After exposure the standing current is 
slightly higher than before, but it should settle down 
again to its nomal level. After the light-tight box had 
been opened for experimental purposes it was found 
advisable to allow four hours continuous running before 
taking measurements. 
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It is necessary to ensure that the e.h.t. supply is high 
enough to allow the corona stabilizers to pass the preferred 
current. If there is not enough margin there may be 
irregular oscillator discharges which pass pulses down 
the supply line to the photo-multiplier and cause spurious 
counts. If the voltage of the batteries on floating charge 
rises too much there may be a tendency towards arcing in 
the stabilizers and relaxation oscillations may occur. 

During the first 100 hours of operation there was a 
slight decrease in the stabilizing voltage of the corona 
stabilizers. This has been noted by Cohen and Jenkins’. 

Because the period of measurement may extend over 
several months in one investigation it is necessary to keep 
a regular check on the stability’*’ of the detector. In 
practice, readings without sample are taken alternately 
with a sample and the activity of a sample is referred 
to the average of the two adjacent count rates without 
sample. The variations of activity between samples are 


then assessed by statistical methods to select those with 
activity significantly above the average. 


New 3cm and 10cm Marine Radar Sets 


A 10cm marine radar set has recently been added to the 
range of marine radar sets made by Decca Radar Ltd which 
now consists of eleven 3cm (X-band) radars and one 10cm 
(S-band) radar. 

Four new 3cm radars, complimentary to their existing series 
of seven sets, are now available and bring the full Decca 3cm 
range to eleven radars, to be known as the D11 series. At the 
same time, a new ‘true motion’ 10cm radar is announced. 
Equipment operating on this wavelength has hitherto been 
manufactured only by American companies and the new equip- 
ment, the i M-S 2400, is the first British radar of its type. 


3cM RADARS 
The four new 3cm radars all employ 75kW transceivers and 

a high performance, 10ft slotted waveguide aerial system. These 
four sets are: 

The D535, relative motion with 9in display unit. 

The D838, relative motion with 12in display unit. 

The TM939, true motion with 12in display unit. 

The TM969, true motion with new 16in display unit. 


The New I6in Display Console 

Of great importance for safety at sea is the introduction for 
the first time in marine radar of the interscan technique for 
measuring range and bearing. The interscan, a feature of the 
16in display console, is a continuously visible electronic line 
which appears on the p.p.i. originating from ship's position. 
From the variation in length and direction -of this line range 
and bearing information can be obtained in the shortest pos- 
sible time and with great accuracy on any numter of targets 
and on any type of presentation, rela- 
tive or true, stabilized or unstabilized. 
The interscan method enables range 
and bearing to be taken more than 
twice as rapidly as by any previous 
method with consistently high accuracy. 

Other new features of the 16in display 
include a polaroid daylight viewing hood 
built-in true motion, seven range scales 


The two methods of using the inter- 
scan in the new 16in true motion 
display console 


On the left the interscan is being used as a 

continuously visible bearing marker in con- 

junction with a conventionel variable range 

marker. On the right the interscan is measur- 

ing range and bearing simultaneously, both 

length and direction being varied by controis 
on the display 
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extending from } to 60 nautical miles, variable differentiation 
giving control of picture sharpness to suit physical charac- 
teristics of the locality and the grouping of controls according 
to their function. 


Slotted Waveguide Aerial 

Among the advantages claimed for the new 10ft slotted 
waveguide aerial are longer detection range on all targets, 
very low side lobe level. improved close range performance, 
low top weight and windage and beamwidth of 0-75° at half 
power points. A substantial improvement in target to clutter 
ratio is achieved with this aerial which ensures better detec- 
tion of small targets in the presence of precipitation and sea 
returns. 

Tue TM-S 2400-10cM MARINE RADAR 

The TM-S 2400 10cm marine radar employs a 13ft slotted 
waveguide aerial, a 75kW transceiver and the same 16in true 
motion display console as the TM969 3cm radar. The radar 
is designed for use either as a single installation or in con- 
junction with a 3cm radar from the DI1 series when the 
advantage of a choice of frequency is required in order to 
minimize the effects of interference and to enable the most 
suitable frequency to be employed under any given geo- 
graphical or weather conditions. 

Among the features of the TM-S 2400 which have not pre- 
viously been available with 10cm marine radar are an aerial 
rotation rate of 20 rev/min giving a good data rate essential 
for effective true motion display; integral true motion on the 
master display; range and bearing measurements by interscan; 
choice of two true motion and three relative motion presenta- 
tions; peak power of 75kW; range scales and markers to maxi- 
mum of 60 miles; and the provision of variable differentiation. 
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Multi-Tapped Potentiometers as Accurate 
Linear Transducers 


By K. C. Garner*, B.Sc.(Eng.), A.M.LE.E., A.F.R.Ae.S. 


A systematic design procedure is described for calculating the values of shunt resistances which, when 

connected across adjacent tapping points, will compensate for loading error. A generalized formula 

can be used providing the tappings are equally spaced. This method enables the minimum input 

resistance, the potentiometer resistance, and the load, to be independently specified within wide 
limits. 


(Voir page 61 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 66) 


A CONSISTENT problem facing designers of position 
servomechanisms and analogue computing equipment is 
the requirement for accurate linear potentiometers which 
precisely relate shaft angle with voltage output. The need 
arises whenever the potentiometer is in continuous motion, 
such as in a servomultiplier. Indeed the entire accuracy of 
the driving servomechanism depends on the precision of 
the feedback potentiometer, quite apart from the potentio- 
meters performing the multiplying process associated with 
actual computing operation. The requirement for extremely 
good linearity must also be met for dial-indicating potentio- 
meters, particularly with the many-turn helical types, if the 











K 


ig. 1. Simple loaded linear potentiometer 


positional calibration is to be a useful feature. Extremely 
linear potentiometers are available from several manufac- 
turers, but it is unfortunate that only too often this expen- 
sive precision has to be thrown away because the output 
loading has to be heavier than that which the designer 
would really like. Fig. 1 shows a simple potentiometer in its 
loaded condition, while Fig. 2 gives a curve for permissible 
load versus potentiometer resistance for 0-1 per cent 
linearity error. There must also be a compromise between 
the non-linearizing effect of loading and the minimum 
resistance which the driving-source power requirements can 
tolerate, which is a matter of design economy. 

The technique to be described largely overcomes this 
necessity to compromise, and providing the load is known 
and fixed, as it usually is, a satisfactory linear performance 
can generally be obtained. For this method it is necessary 
to have an accurate, linear multi-iapped poteptiometer, of 
which there are many commercially available nowadays. 
It then becomes possible to connect shunt résistors across 
tapped sections of the potentiometer-in order to provide 
linear operation, within prescribed tolerances, when the 
potentiometer is loaded. This method enables the designer 
to use a stock resistance value for the potentiometer, and 
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to specify independent values for: 
(a) The minimum input resistance presented to 
source 
(b) the load resistance 


providing the minimum input resistance is rather les 
the load resistance. 





—) 
fmex = 1-5 + 675 
for O-1% 
R_= 148R 


error 
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Fig. 2. Lead (R,) versus potentiometer resistance (R) for 0-1 per cent 
A linearity error 


The Basic Potentiometer Network 

The basic configuration to be considered is a multi- 
tapped linear potentiometer of unloaded and unshunted 
resistance R. The wiper is loaded by the resistance R;. 
There are m equal segments, and it is assumed that across 
each segment, between adjacent tapping points, there is a 
resistor Rx, where x denotes that the resistor lies across the 
x'® segment. Such a network as shown in Fig. 3 has been 
analysed in some detail in a previous article’, where it was 
shown that it could be used to generate a wide range of 
non-linear functions. In this case a very special function is 
required in the unloaded condition, so that with the load 
connected, the final result is approximately linear within 
the specified tolerances. This function can be determined 
as follows. Consider the simple untapped, but unloaded, 
potentimeter as shown in Fig. 4. However, in this instance, 
let the potentiometer itself be non-linear. What is to be 
determined is the non-linear law that the potentiometer 
must possess, so that when loaded the overall result is 
linear. 
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Using the nomenclature given in the diagram, one can 
write : 


Ri f(K) (Rx + f(K)) 
~Rif(K) 
AY) Ri + AK) 


K 
f(K) + 


(f1) — AK)] [Ri +f K+ Rif(K) 


. (2) 














Fig. 3. Basic tapped potentiometer network 
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Let: 
f(K)/fQ) Ax and R,/f(l) = At 
so that: 
AtAK es (3) 
AK AK” 


Ax* + (1 K) 1)Ax Az =@.... . (4) 
Hence: 
Ak $f (AL/K) + V {(Qu K)—1)?+4Ax}] 


which is positive for practical values of Ax. 


. (5) 


nRR, 
nR+iR 


R . 
nR 4 .- Gosia 
nR + R; nR + Rs, 


V./Vi OQ) 
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Now, f(1) is the totai resistance of the 
potentiometer. Let this be equal to Ro, so that: 
Ar R1/R. and Ax = f(K) R 


Substituting these terms in, equation (5) and re-arranging 
gives: 


non-linear 


f(K) = Ro/2[1 — (Ri/KR.) + 


V {((Ri/KR.)—1) + 4(Ri/Ro)} ] (6) 


which is the desired non-linear function. A typical curve 
is given in Fig. 5. 
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Fig. 5. Typical son-limear potentiometer function which linearizes with 
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Fig. 6. Performance of a c 
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However, although this result proves the feasibility of 
the method, it is not of much practical use in this form 
since the value R, cannot be determined in the present 
case until the whole design has been completed. Thus the 
following method has been devised to overcome this 
difficulty. 

Returning to Fig. 3, consider the input-output voltage 
ratios for the wiper set at each tapping point. and with the 
load in circuit. 

For the wiper at the junction of 
segments : 


the firsi and second 


RR 
R, n - R; 
nR +R 


R ( nRR;, 
: nR + Ry nR+R 


nRR 
Ri R; 
nR+R 
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Paes =4 Rin 
~ (nRy. + Riy2+ ys+ 
where 


Similarly : 
V./V; (2) = 
Rilyi + y2) 


[nR(yj + yo) + Rillya + yet wees + Ym) + Ril + y2) 


Vo/Vi (3) = 
— Rui+ y+ ee 
[nR(yi+ yet y+ Rust yst+.... tym) + Rulpit y2 + y3 


and by induction: 


Rilyit+y2 Teese 


Vol Vi = —-- —— 
(x) (nR(yit+yat+....+yx)t+ Rr] (yeti t yxte + 


or: 


V/V; (x) = 


(n(R/ Rx) + (1/23) (2m—2 
(yi + y2 + -.-. + yx) 


where ax 
and am = (yi + yo +... + Ym) 

This is the general formula for the voltage ratio at any 
tapping point, in the presence of the load Rx. Thus, if these 
voltages are forced to lie along a linear law, then at least 
at these positions of the wiper, the resultine network per- 
forms as a linear potentiometer, as shown in Fig. 6. However, 
some accuracy limits will have been prescribed, and since it is 
known that the loading effect will cause each segment of 
the generated curve to droop, a more accurate design will 
be achieved if these voltage ratios are chosen to lie high 
by an amount equal to the positive tolerance, as indicated 
in Fig. 7. 

Assuming that the potentiometer resistance R, and the 
load resistance R, are specified, together with n the seg- 
ment length ratio, it is now possible to write (m — 1) 
equations, where >, to ym are the unknowns. One more 
equation is required to make the solution possible, and 
this is obtained by considering the minimum resistance P, 
allowed by the source. This value will occur with the wiper 
at the top of the potentiometer, in the loaded condition. 


Hence: 


R tb NRR ian 


RiR, 
nR(R, 


where am will be a constant for any given specification. 
Substituting this value of am in equation (13) yields: 


1 
RiR 
nR(Ry - 


im = 


VY. IV; (x) 4 
(n(R/ Rx) Hayao] 


Solving this for az: 


R / 
—1 f+ | {| Vo/ Vi (x) . 
Ri) V \ (R: 


Vo/V;s (x) —— 
(Ri - 


2V. 
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= | 4(V. 


Vi (x) nR/ Ri 


Also it is known that: 


az: — 
Thus if all 2 are computed all y can be derived. 
Therefore, since: 
- Rx 
(aR + RD 
nRyx 


Ry = : 
yx) 


(1 


nR(ax 4x-1) 
Rss a - az + ax-1) 
which is the general formula for calculating the shunt 


resistances. 


paints i) 


/ 
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Fig. 7. Optimizing for ‘ droop’ error 
An Example Design 
In order to illustrate the simplicity of the method, a 
numerical case is given, where the following specification 
is assumed: 
Maximum load on source 
Fixed load on potentiometer 
Stock size of potentiometer 
Number of segments between equally 
spaced taps 10 
Fig. 8 shows the circuit where the resistors R: to Rw are 
to be determined. This is carried out by computing the 
values for 2; to 2.» and substituting these values in equation 
(23). 
It is known that: 
R; 50 
Ri —R,~ 100 - 


O-1 x 300 _ 
~~ 100 


50kQ 
100kQ 
300kQ 


~ Hise 


nR ‘Ry = 


V; (xp —— 
(Ri Ri} 
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Fig. 8. Example circuit 





which remain constant throughout the calculation. 
Also, the voltage ratios are written down: 
Vo Vi (x) . : 
— * In this example the ‘droop 
error optimizing procedure 
has been omitted for clarity. 
e.g. for a 0-1 per cent toler- 
ance V./V; (x) would be 0-101 
instead of 0-1 used here. 


0-1* 
0-2* 
0-3* 
0-4* 
0-5* 
0-6* 
0:7* 
0-8* 
0-9* 
1-0 


((0-1)(1-0) — 1] + V {[(0-1).-0) — 17° + 40-17°(1-0)} 

il ne ae 
0-366 

and similarly: 

0-781 
1-233 
1-667 
2-060 


2-402 
2-694 
2-942 
3-153 
and: 
a9 = 3-333 
Substituting these values in equation (23) gives: 
R, = 17-3kQ Rs = 15-6kQ 
R2 = 25-7kQ R; = 12-4kO 
Rs = 242k Rs = 9°90k2 
Ry, = 23-0k2 Ry = 8-02k0 
R; = 19-4kQ Rw = 6 58k2 
which will be to be the desired compensating 
resistances. 


found 


Component Tolerances 

A complete analysis to include the effect of the many 
component tolerances is possible but very tedious, and 
since the basic calculation is relatively rapid, it is easy 
enough to test some trial designs using component values 
at each end of their tolerance limits. It is, however, worth 
noting the significant factors influencing the final accuracy. 
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The nominal value of the manufactured potentiometer 
resistance is usually stated with a small production toler- 
ance. Before commencing the above calculation it is worth- 
while measuring the actual value, if only one unit is to 
be constructed. The same applies to the load resistance, 
which also has to be known to a fair degree of accuracy. 
Similarly, small errors will arise if the tapping points 
are not precisely positioned. 

The better the linearity of the unloaded, unshunted 
potentiometer, the better the final result will be, although 
the effect of shunting sections of a potentiometer is to 
make it less sensitive to linearity errors. Lastly, while not 
always necessary, it is preferable to use high-stability 
1 per cent resistors to make up the shunt resistances, This 
is nearly always possible by taking suitable combinations 
of standard preferred values, If it is desired to compute 
the entire performance curve for the completed design, 
reference should be made to the earlier article’ by the 
author, where a complete analysis of such a network 's 
discussed, 


Application for Other Than the Designed Load 

In most position servcmechanisms the potentiometer 
load is known and fixed, and there is no problem. How- 
ever, in analogue computer applications, the load will be 
changed from time to time as the problem set-up is re- 
newed. This is a typical consideration with servomulti- 
pliers, and dial-set coefficient potentiometers. However, 
this presents no particular obstacle if either of the follow- 
ing techniques are employed. 

The less aitractive method is to provide pre-wired sets 
of compensating shunt resistors which, when connected 
suit the load present. This would necessitate carrying a 
large stock of such networks, although connexion could 
easily be arranged using standard plug-in cards. However, 
it is yet another chore in an already tedious patching 
procedure. 

A second and far better solution, is to design the com- 
pensated potentiometer for the highest likely load. Thus 
whenever the computer set-up is changed, the potentio- 
meter Output can readily be shunted with a variable resist- 
ance until the correct loading is achieved. This is readily 
adjusted by setting the compensated potentiometer wiper 
to say, mid-scale, so that it should indicate half the applied 
voltage. If this wiper voltage is then compared with a 
reference voltage of appropriate value, using a circuit 
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Fig. 9. Trimming circuit for computer application 


similar to that shown in Fig. 9, then a null indication on 
the detecting instrument shows that the variable resistance 
has been set to the correct value. This procedure suggested 
by J. E. Fisher, can readily be mechanized for a large 
installation having several servo-multipliers. 

There is little doubt that the ease and accuracy of this 
method of potentiometer compensation should make 
tapped potentiometers an essential requirement for accurate 
shaft-angle transducer applications. 
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Pilotless Aircraft Control 


By E. H. Hall* 


This article gives a brief description of an airborne control system developed for the pilotless version 


of the Gloster Meteor. 
the necessary decoding and relay units. 


The equipment consists basically of a double-superheterodyne receiver and 
The receiver operates in the 70 to 80Mc/s band and the 


command signals are frequency modulated by a series of 28 separate tone pairs. 


(Voir page 6! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 66) 


Bertie veered of an airborne control system for a 
pilotless aircraft is one of the projects being under- 
taken by the Engineering Department of Flight Refuelling 
Limited. The system was required for the Meteor U. Mk. 
16, the pilotless aircraft converted from the Meteor 
F. Mk. 8. 


The system is designed to control the aircraft in flight 
in response to commands from a ground transmitter 
station through a v.h.f. radio link, and allows the aircraft 
to be flown in any of six pre-set conditions. These are 
climb, cruise, fast level, maximum level, descent and ap- 
proach. Within these attitudes, co-ordinated turns can be 
demanded up to a pre-set maximum, depending on air- 
speed. 

Additional ancillary commands are also available, such 
as right and left turn, up and down beeping, fuel off 
and destroy. The latter command results in grounding 
the aircraft in the event of malfunctioning of the system. 

From Fig. 1 it can be seen that the airborne control 
system consists basically of radio link equipment, an auto- 
pilot and a command relay unit, which enables the 
autopilot to be tied into the basic aircraft’s controls. 

Basically the aircraft is flown by the autopilot, and will 
fly steadily in the specified conditions which are selected 
as required. The selected attitude may be changed either 
by the selection of a new one, or by pitch trim signals 
known as ‘beeping’ which modify the existing attitude 
within certain limits. 

Transition between selected attitudes involving change 
of airspeed may be accomplished by modification of the 
engine speed, by change of the aircraft pitch, or by opera- 
tion of the aircraft's control surfaces—i.e., the airbrakes 
at flaps, the method employed resulting automatically 
from the selection. 

For example, when the aircraft is ready for take-off, 
the command ‘climb’ is selected and the throttle servo- 
motor opens up the engines to the appropriate speed 
setting, the wheel brakes are released just before full 
power is reached, and the aircraft is lifted off and the 
undercarriage retracts automatically. 

Again the flaps are automatically extended on the 
selection of ‘approach’, and if during ‘maximum level ’ 
the airspeed becomes excessive, the airbrakes are extended. 

Certain electrical prohibitions which act as safety mea- 
sures are built-in features of the commands and may 
modify, and in certain circumstances prohibit, an attitude 
selection. The fixed attitudes have each an optimum air- 
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speed and since airspeed is largely a function of engine 
speed, a system of automatic engine control allied to 
variation of aircraft speed is incorporated. 


The radio link system consists of a frequency modulated 
carrier of 70 to 80Mc/s with a line-of-sight range of 150 
miles, modulated by a series of tone pairs. The tones 
are produced by a generator having an oscillator funda- 
mental frequency of 400c/s with suitable circuits to 
provide an output rich in harmonics. 


This generator produces eight tones which can be com- 
bined to give 28 separate tone pairs, although in practice 
only 24 pairs are used. Each tone pair represents a com- 
mand, and it is transmitted to the aircraft via the v.h.f. 
carrier. 

A double superheterodyne receiver in the aircraft ampli- 
fies and demodulates the ground control signals, which 
are then passed to a selector unit. 


This selector consists of a single-stage a.f. amplifier 
whose output is fed into eight filter circuits, each of which 
accepts its ‘own’ tone. The signal from each filter is 
rectified and applied to the control grid of a valve which 
has a pair of relays in series with the h.t. supply to its 
anode. 

The contacts of these eight pairs of relays are con- 
trolled via an ‘interlock’ circuit which only accepts one 
pair of tones at any time. 

This results in a single d.c. output representing the 
actual ‘command’. 

Switched outputs of the selector unit are passed to the 
command relay unit by means of which the primary 
command is translated by relay chains into as many 
independent signals as are required to operate the appro- 
priate aircraft control, or to pass these signals to the auto- 
pilot or airspeed system. 

The autopilot fitted is an Elliott type B4. This is a 
three-axis autopilot and comprises ten units. These are 
three identical rate gyros, a roll platform, three electric 
servomotors, a pilot’s control panel, an air data unit and 
a junction box. The autopilot signals are relayed to the 
appropriate servomotor by the command relay unit. 


The autopilot operates from the aircraft's 28V d.c. 
supply and 115V 400c/s, three-phase supply from an in- 
vertor. The latter is used by the rate gyros and by a 
horizon gyro fitted in the roll platform. 


Any deviation of the aircraft from a selected attitude in 
pitch and roll is detected by the horizon gyro while the 
rate gyros in the pitch, roll and yaw axes provide damping 
and stabilize the aircraft about the selected attitude. 
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The signals which are 
produced operate via the 
magnetic amplifiers in the 
junction box, the servo- 
motors controlling the 
aileron, elevator and 
rudder control surfaces. 


A servomotor control 
unit, fitted to the push 
and pull rods operating 
each control surface, pro- 
vides a position feedback 
term to give a propor- 
tional reference to the in- 
put signal. Mixing of the 
various signals required 
for control in any axis is 
effected in the appropri- 
ate magnetic amplifiers 
which have several input 
windings of various gains. 

The horizon gyro is 
mounted on a platform 
which is rotated by de- 
mands from the com- 
mand relay unit about 
the roll axis to an angle 
corresponding to the angle 
of bank commanded up to 
a maximum of 60°. 

A left augmentation 
signal proportional to the 
angle of bank is derived 
from a _ potentiometer 
driven by the platform 
and is fed to the elevator 
channel to apply ‘pitch 
up’ to prevent loss of 


height during turns. 
Pressure capsules in the 
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air data unit monitor the 
aircraft’s airspeed and 
attitude throughout the 
flight programme and 
provide a height holding 
reference, a constant air- 
speed when selected and 
certain services and pro- 
hibitions as required. 

Air brakes are operated 
by airspeed error, flaps 
and landing gear by direct 
or pre-determined com- 
mand with the airspeed 
being monitored to give 
an overriding safety speed 
operation. 

The system controls the 
aircraft throughout its 
flight envelope up to an 
altitude of 42 000ft and 
at a maximum Mach. 
number of 0-78, permit- 
ting angles of bank up to 
60°, depending on air- 
speed and pitch angles of 
+30°. 
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A Recording System for Galvanometer Beam Deflexions 


By G. E. Alexander* and G. G. Ejichholz*, B.Sc., Ph.D. 


The equipment described was designed to observe and record the passage of a focused light beam 


at a series of points on a galvanometer scale to an accuracy 


Imm. The light-sensitive detector 


of 


used is a silicon solar cell and the equipment uses transistors throughout. 


(Voir page 6! pour le résumé en francais; Zusammenfassung in deutscher Sprache auf Seite 66) 


he the measurement of elastic properties of fine metallic 
fibres over a range of temperatures, it was necessary to 
count and record the number and amplitude of deflexions 
of a galvanometer light beam. A small reflecting mirror 
was attached to the fibre under test, usually consisting 
of a specially prepared steel alloy wire, which was set 
into oscillation magneti- 
cally by a sharp current 
pulse through a suitably 
placed exciting coil. Visual 
measurements on the de- 
crement of oscillations 


the equipment in a fully darkened room. Several light- 
sensitive detectors were tried: photo-transistors, small 
photocells, cadmium-sulphide detectors, and silicon solar 
cells. The last-mentioned were chosen finally as satis- 
fying best the requirements of sensitivity, impedance 
matching into the amplifier circuit, and relatively low 
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proved fatiguing and less 
accurate than desirable. 
For this reason it was 
decided to design a simple 
electronic system to per- 
form this function. As such 
a system can easily be 
adapted to a variety of 
other applications, it is 
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described here in detail. 
The primary requirement 
was to observe and record 
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the passage of a focused 
light beam at a series of 
points on a galvanometer 
scale to an accuracy of one 
millimetre. The light source and scale were approximately 
ten feet from the reflecting mirror; the lamp was a common 
8W galvanometer lamp. In analysing the motion of the light 
spot on the screen, it was evident that for most oscilla- 
tions the light spot will pass each observation point either 
twice, once in each direction, or not at all. However, 
for a number of critical amplitudes the light spot would 
just reach a given observation point and turn back, giving 
rise to a single count impulse only. It was necessary, 
therefore, to design the circuit so that one pulse only was 
recorded from any point reached or passed by the light 
beam in any one cycle of oscillation. In addition, the 
system had to be stable against drift to maintain the 
required positional accuracy. 


Circuit Description 

To obtain the necessary definition without excessive 
bulk it was decided to design a fully transistorized circuit. 
The detector, too, had to operate at a reasonably low 
voltage and to combine adequate sensitivity with some 
tolerance to daylight, as it was not practical to operate 
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Fig. 


1. Detector and multivibrator circuits 


cost. The type used was a Hoffman type 110C silicon 
solar cell, but other types and makes would undoubtedly 
perform equally well. The solar cell is coupled directly 
to a two-stage transistor amplifier, as shown in Fig. 1. 
The low internal resistance of the solar cell is ideal for 
such direct coupling, as the low base-to-emitter resistance 
helps in stabilizing the amplifier against variations in 
ambient temperature. The output voltage from the solar 
cell is of the order of 0-3V and well below the breakdown 
voltage of the base-emitter junction. The maximum 
transistor current is controlled by the collector load 
resistor. 

The amplifier provides pulse shaping and discriminates 
the light beam pulse from the low-level ambient light in 
the operating area. The pulse-shaping is necessary to 
allow for the variation in rise-time of the solar cell pulse 
which occurs as the velocity of the oscillating beam varies, 
depending on the phase of the oscillation reached and on 
the nature of the metal wire under test. The second 
stage, V72, amplifies pulses of single polarity only and 
needs no forward bias on its base. This condition, simi- 
lar to class-B amplifier conditions, keeps the power con- 
sumption down to a minimum in the absence of a signal 
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and lessens the danger of thermal runaway. The output 
from this stage is a negative pulse over 3V in amplitude. 

To provide for resetting of all detector stages a solar 
cell is mounted in the zero scale position. Every time 
the light beam passes this point, a detector and amplifier 
system, which is identical with those at the other posi- 
tions, is ised to generate a zero-setting or resetting pulse 
which is used to prepare all the count registers for the 
next light pulse. This device overcomes the differ- 
ence in response from detectors which the light has barely 
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reached from those which have been passed twice during 
the cycle. 

The pulses from each detector assembly then pass to a 
trigger circuit of the type shown in Fig. 1. This is a 
standard multivibrator circuit which requires successive 
firing by two input pulses as indicated. The two input 
circuits are isolated from each other; the pulse of the 
appropriate beam detector triggers the multivibrator so 
that transistor V7, conducts, thus energizing the register 
relay A, and hence the count register. V7, remains con- 
ducting until a pulse from the reset unit clears the multi- 
vibrator. The trigger circu. is then ready to receive 
again a pulse from the beam detector. 

In practice any number of beam detectors can be 
assembled, each driving its own count register. All are 
reset simultaneously by a pulse from the zero reset detec- 
tor. Fig. 2 illustrates this arrangement. 

The power required for all the transistor circuits is 
fairly low and can be obtained from a 224V battery or 
from an equivalent low-voltage supply. The total power 
required for two detector units and the associated multi- 
vibrator circuit is 250mW. The mechanical counter used 
requires 50mA d.c. at 30V. This power was obtained 
from the a.c. mains by means of a silicon rectifier circuit 
with a single capacitor filter. 


JANUARY 1961 


Operation of the Equipment 

Fig. 2 also illustrates the mechanical layout for counting 
total beam deflexions in the range between amplitudes 
Band C. The initial amplitude of oscillation of the light 
beam is assumed to pass beyond point C. Whenever the 
beam passes the detectors at B and C on its outward 
swing, a negative pulse fires their multivibrators causing 
them to trigger each count register in turn. On the back 
swing, the multivibrators are in the ‘ off’ position and no 
additional count is registered. On passing the centre of 
oscillations the reset detector at A is excited and both 
multivibrators are reset. Hence both registers are trig- 
gered again on the next outward swing until the beam 
fails to reach detector C, and at a later stage detector B. 
The decrement can be derived from the difference in 
register readings. 


Fig. 4. The two detector assemblies 


To obtain a sharp cut-off when the beam does not 
quite reach a given detector, it is important to control 
the amount of light which reaches the solar cell. This 
can be achieved by using good optical collimation and 
focusing of the light beam to provide high contrast be- 
tween the light beam and any stray luminosity. The 
resolution is further improved by the diagonal mounting 
of the rectangular or square solar cell as shown in Fig. 3. 

As the leading edge of the collimated light beam ad- 
vances, the illuminated area of the solar cell increases 
rapidly and hence the current in V7; varies sharply. 
Under these conditions the multivibrator acts now as a 
discriminator circuit, functioning only if the output pulse 
from the detector amplifier exceeds 3V in amplitude. 

Fig. 4 is a photograph of a compact detector assembly. 
The system has been applied to the design use and seems 
to compare favourably with other, more elaborate systems 
of this general type. The long-term accuracy of the 
detector location and of the discrimination level depends 
to a great extent on the stability of the light source and 
of the amplifier gain. For very critical work it is advis- 
able, therefore, to operate the light source from a stabilized 
power source and to avoid major temperature fluctuations 
in the room. 
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Frequency Division 


by Carrier Storage 


By W. D. Ryan*, M.Sc., Ph.D. 


By varying the ratio of forward to reverse current, it is possible to make a junction diode conduct on 
alternate reverse half-cycles of a sinusoidal input voltage and hence obtain output pulses having a 


recurrence frequency half that of the input. 


from which an output voltage containing 80 per cent 


A typical circuit operating at SOkc/s is described 


sub-harmonic may be obtained. Possible 


applications to electronic computers are discussed. 


(Voir page 61 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 66) 


HEN a forward bias is applied to a junction diode, 

excess holes are injected into the n-type material 
and excess electrons into the p-type material. The conse- 
quent application of a reverse voltage must first reduce 
this excess charge to the equilibrium value before an 
appreciable voltage can appear across the diode. This 
effect may be represented in terms of a storage-time delay 
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7, which is the time taken for a current, equal in magni- 
tude to the initial forward current, to remove the stored 
charge from the junction. Typical values of +; range 
from several millimicroseconds to about Iyusec. If the 
reverse current is less than the initial forward current, 
the recovery of the diode will be delayed. Thus the ratio 
of forward to reverse current flowing when an alternating 
voltage is applied to a circuit containing a junction diode 
determines whether the diode conducts continuously, with 
little voltage drop across it, or whether a reverse voltage 
appears across the diode at some time during the reverse 
half-cycle of the input voltage. 
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In the ideal case shown in Fig. 1(a) the forward and 
reverse currents are sinusoidal but of differing ampli- 
tudes, the peak values being /; and /, respectively. If it is 
assumed that the stored charge is proportional to /;, the 
diode will exhibit a low resistance continuously, pro- 
vided /;/J, > (xfr)~', where f is the frequency of the ap- 
plied voltage. A measured value of 7 for a IN91 junction 
diode is 1-Ousec, corresponding to a critical value of 
I:/I-=6 at 50kc/s. Fig. 1(b) shows the result of a series 
of measurements of J; and /, for the critical condition for 
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a IN91 at SOkc/s. The dotted line corresponds to 
I;/I-=6. It can be seen that at this frequency the above 
approximation is adequate. 


Frequency Division 

In order to obtain frequency division it is necessary to 
arrange that the ratio /;//, is greater than the critical 
value during one cycle of the input voltage and consider- 
ably less than the critical value on the subsequent cycle. 
This may be accomplished by connecting an inductor in 
parallel with the diode as shown in Fig. 2. When a 
reverse voltage appears across the diode, a current flows 
in the inductor which is proportional to the time integral 
of this voltage. If the diode conducts for the remainder 
of the output cycle, the linear discharge current of the 
inductor adds to the sinusoidal current flowing in the 
diode. The direction of this added current is such as 
first to increase the ratio /;//, and maintain the diode in 
the conducting condition. On the next cycle of the input 
voltage, J;//, is less than the critical value. A reverse 
voltage appears across the diode and the output cycle 
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is repeated. Voltage and current waveforms for this cir- 
cuit are shown in Fig. 3. 

The voltage V in series with the inductor determines 
the rate of change of inductor current when the diode is 
conducting and thus can be used to control the amplitude 
of the inductor current waveform. Both the sinusoidal com- 
ponent of the diode current and the charging current of 
the inductor depend on the value of the series resistor R. 
To obtain maximum sub-harmonic output V and R should 
be adjusted to make /;/I, slightly less than the critical 
value for the conducting cycle. 


Fig. 4. Capacitance-coupled frequency divider 
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Fig. 6. Phase relations during output pulse 


A considerable improvement may be obtained if the 
resistor R is replaced by a capacitor C as shown in Fig. 4. 
Here the diode current depends on the reactance of C but 
the change in inductor current may be made relatively 
large if L and C resonate near the input frequency. In 
order to preserve the necessary phase relations, L and C 
must be tuned lower than the input frequency. Since 
it IS inconvenient to incorporate a d.c. supply in the 
circuit, the voltage V is now derived from the rectified 
diode current by.means of the parallel network R’C’. 
Typical values for operation at 50kc/s, with a low genera- 
tor internal resistance (5Q), L = 25-8mH, C 9IOpF, 
R’ = 10kQ, C’ = 0-0luF. The diode is a 1N91. Some modi- 
fication of the circuit values is necessary if the source 
resistance is higher. For example, with a 6000 source 
resistance, C = 600pF and R’ = 7k?. 

The operation of this circuit differs from that described 
above in that the diode current leads the input voltage 
by 90°. This results in the excess charge being removed 
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from the junction much earlier in the input voltage cycle, 
in fact when the input voltage is at its maximum for- 
ward value (Fig. 5). Thus the output pulse is stretched, 
its duration being considerably longer than one half- 
cycle of the input voltage. This effect may be explained 
qualitatively by assuming that the voltage is developed 
initially across ithe back resistance of the diode, in which 
case the output voltage leads the input voltage by approxi- 
mately 90° as shown in Fig. 6(a). When the diode re- 
sistance becomes very high, the output voltage is in phase 
with the input since L and C resonate at a lower fre- 
quency than the input (Fig. 6(b) ). 


Performance 

With an input of 1:0V rms. at 50kc/s, the output 
voltage was 1°6V r.m.s. and contained about 80 per cent 
sub-harmonic, 50 per cent fundamental and 25 per cent 
second harmonic. Little change was observed in the shape 
of the output voltage waveform when the input voltage 
was changed from 0-2V r.m.s. to the maximum available 
from the oscillator (40V r.m.s.). 

With the circuit adjusted for maximum output at 
40kc/s, operation as a frequency divider was obtained 
from 30kc/s to 50kc/s. The sub-harmonic output was con- 
siderably reduced near the limits of this range. The lowest 
frequency at which reliable operation could be obtained 
using a IN91 was 15kc/s, corresponding to /;/J; = 20. 
Similar circuits have been tested with input frequencies 
up to 25Mc/s and a measurable sub-harmonic output 
obtained, although it is difficult to be certain that the 
mode of operation is as described above and further in- 
vestigation is necessary. 


Applications 
Higher ratio frequency division may be obtained by 
cascading several stages with isolating amplifiers, the 


low frequency limit being set by the characteristics of 
the diodes. It is possible to connect two stages directly 
in cascade to obtain division by four. Operation is com- 
plicated by mutual interaction and it is doubtful if further 
stages can be added in this way. 

Of greater interest is the possible use of such a device 
as a logical element in a digital computer. Like the Para- 
metron'! the frequency divider has two states correspond- 
ing to the two possible phases of the sub-harmonic rela- 
tive to the fundamental. Logical operations could be per- 
formed by supplying the frequency divider with a sequence 
of clock pulses. Other two-state devices may be con- 
structed by combining the outputs of two frequency 
dividers driven from the same input. For example, if two 
identical dividers are connected in opposition, either a 
signal at the sub-harmonic frequency or zero output 
will be obtained. If the diode of one divider is reversed 
and the outputs are added, the output will consist of a 
single cycle at the input frequency followed by zero 
output for the subsequent cycle. The two states of this 
device correspond to the output waveform being either 
initially positive going or negative going. 


Conclusion 

Use of the carrier storage frequency divider as a com- 
puter element will depend on obtaining reliable operation 
at much higher frequencies than the present device and 
on the evolution of satisfactory methods of triggering 
from one state to the other. 
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A Convenient Transformer for Matching Coaxial Lines 


By B. Bramham’*, B.Sc., A.M.I.E.E. 


A line transformer is described which involves two sections of line, each having the impedance 

of one of the lines to be joined, and arranged so that the three resulting changes of impedance cancel 

at one frequency. It is shown that in certain cases the transformer has practical advantages over other 

types in common use. The bandwidth of the transformer is calculated, and comparison is made with 
the quarter-wave transformer and with the half-wave taper. 


(Voir page 6! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 66) 


I! is frequently necessary to join together coaxial lines 
of different impedances in such a way that reflections of 
signals do not occur. This can be done through a ‘lossy 
pad ’, or through a transformer. Many types of transformer 
are possible, such as: 

Impedance taper 

Quarter-wave 

Multiple quarter-wave 

Stub match 

Slug match (see Figs. 1 to 5) 
The choice of the most suitable will depend on the fre- 
































Fig. 2. Quarter-wave transformer 


quency of the signal, the bandwidth required, the type of 
line and other considerations. 

When the frequency is not very high, a taper can be 
inconveniently long. The same applies to the multiple 
quarter-wave transformer, and it may even be desirable to 
reduce the length of the transformer to less than a quarter 
wavelength. When flexible cables are used, it is not often 
possible to find a cable having the correct impedance for 
a quarter-wave transformer. The slug match is also incon- 
venient for this case. 

The transformer to be described consists of two sections 
of line, each having the impedance of one of the lines to 
be joined, placed between them so that there are three 
abrupt changes of impedance (Fig. 6). Thus only lines 
similar to the original two are required, there are no junc- 
tions of more than two lines, and, as will be shown later, 
the length of the transformer is always less than a sixth 
of a wavelength. The transformer will be referred to below 
as the ‘ alternated-line transformer ’. 


Analysis 
Let the transformer be used between lines having imped- 
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Fig. 4. Stub match 
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Fig. 6. Example for analysis 


ances Z; and Z2, as shown in Fig. 6, and the wavelength in 
the lines be Ag. 
Let Z:/Z; = n, the distance PO = a 
and the distance OR = b 
Impedance Z, referred to line Z; at R is: 
Z/Zi = 2Z2/Zi = 
Transferring this to Q (i.e. distance b towards generator) 
n + jtan (27b/Xg) 
1+ jntan(2zb/A.) 1+ jnB 
where B = tan (27b/A). 
Referring this to line Z2 (at Q) 
1 + jB/n 
1 + jBn 
At P impedance Z; referred to line Z. is Z/Z. = 1/n. 


Z/Z: = bd 


Z/Z: = 
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Fig. 7. Impedance ratio against overall length of transformer 


Transferring this to Q (i.e. distance a towards load): 
Z/Zn- ( n) j tan (2ra/ Az) Ms (a n) — jA 
l j(1/n) tan (27a/Az) 1 jA/n 
tan (27a/A) 
For an impedance match, equations (1) and (2) are equal. 
Equating real parts: 
1+ (/nv)AB=(1 


coe 


where A 


n) + nAB 
AB 


(for n#~ 1) 
Equating imaginary parts: 
A/jn Bin 


a/X, b/XAzg = 1/22 arc tan a — 
Vin+141/n 


1/2z are cot V((Z2/Zi) + 1 + (Z:/Z:)) 


If the lines have different dielectrics a and 6 will not 
be equal but the expressions for a/A, and b/A, will be 
appropriate. 

The limiting value of a/A, is 1/12 when Zi— Z2. For 
other impedance ratios a/A, will always be less than this 
value, i.e. the length of the transformer will never exceed 
a sixth of a wavelength. 

Fig. 7 shows the rela- 
tionship between the im- 


Fig. 8. 


transformers, type BNC plugs and sockets were used to 
join the elements. 


Bandwidth 
The reflection coefficient of the transformer followed by 

a matched load can be calculated for any signal frequency 

by transferring the impedance at R to Q and then to P 

(Fig. 6) in terms of the appropriate line impedance. It is 

given by the expression: 

ln — 1} |1 


(4/40) | 
V{[l — AX1/ Ao’ 


aos ow 
2)]}? + 44°) 


é n+ 
where n = impedance ratio 
A tan (2za/A) = tan (27b/A) 
A = signal wavelength 
1 ;, 
A ~The 
length for which the trdnsformer is matched, 


A when A is the wave- 


If the signal frequency is close to the frequency for which 
the transformer is matched, expression (3) can be simpli- 
fied to: 


1) 


» | Of/ fo | (4) 


where f, is the matched frequency 
df + f. is the signal frequency 
6 = 2xa/) arc tan Ay, A. being the wavelength 
corresponding to fo. 
: ’ ] r 
The standing-wave ratio (s.w.r.) is given by 
sf 
For the quarter-wave transformer (Fig. 2) a similar cal- 
culation gives: 
; |(m — (1/m)) 1/2L 
Reflection coefficient r = ( ) 
V[(m + U/m)p 1/4L* + 1} 
where m* = impedance ratio 
L = tan (2al/A) 
/ is the length of the transformer 
A = signal wavelength. 


Standing wave ratio frequency characteristic 





pedance ratio and the 
overall length of the 
transformer. 


Practical Cases 

Table 1 gives the dimen- 
sions of transformers for 
various impedances met 
in practice. Many trans- 
formers have been con- 
structed to these dimen- 
sions, both in air-spaced 
rigid line and in coaxial 
cable, at a frequency of 
202-5Mc/s. Measurements 
of standing-wave ratio 
were made and small ad- 
justments made to the : ~— 1 
lengths of the elements 
till a figure of 0-97 or 


se) ° ° 
o x @ 


STANDING WAVE RATIO 


° 
wr 





T | 
My |, > | 
o~ f/fi\X > } | 

4/Hi\ &® ~ | 


~ 


| 
| 
| | 


> ee 
~ 
‘s | 


la~ | 
Vege. Y 
We. ys & 

T 





~ 


tn Wavelength 


a Alternated line 
a = impedance ratio 


| 








better was obtained. In 
the case of coaxial cable 
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TABLE 2 
Bandwidth of Various Types of Transformer 
(For limiting S.W.R. O-9F) 
PERCENTAGE BANDWIDTH 
IMPEDANCE |———_~—— }+—— 
RATIO 








+ d TAPER + A 


ALTERNATED-LINE 
(see Reference 1) 

73/52 12: T 48 7-0 

§2/40 + 15-S +10 8-0 

60/50 + 22: t-15 + 12:5 

60/52 +27: +18 17-0 











This expression also can be simplified when the frequency 
is close to the matched frequency, giving: 
r = (7/4)|(m —- (1/m) éf/ fo 
Table 2 gives calculated percentage bandwidths of the 
half-wave taper, the quarter-wave and the alternated-line 
transformers, for a limiting standing-wave ratio of 0-96 
(i.e. r = 0-02). 


DELILAH—A Cable Making Machine 


A machine for the manufacture of a video delay cable in 
long lengths has been designed by Cossor Instruments Ltd, a 
subsidiary of A. C. Cossor Ltd, and has been given the name 
of DELILAH. 

The machine helically winds an enamelled copper wire of 
41 s.w.g. around a 0-055in diameter nylon core which is passed 
through a vertically mounted tube held in position by a 
ballrace. 

Three reels of wire are mounted on a rotating frame above 
the tube and the wire is taken from one reel at a time to the 
nylon core by a system of pulleys. 

The winding mechanism rotates at 800 rev/min winding 200 
turns/in of wire on the core. 

As each reel is emptied it is replaced, the end of the wire 
being joined on to the next full reel and a continuous length 
of 800 yards of delay cable has been provided by DELILAH 
which is fully automatic and is capable of producing an 
unbroken length of 1 mile if required. 

The delay cable is subsequently covered by a layer of 
extruded polythene over which is wound a braid of tinned 
copper wire interwoven with silk (the silk being required to 
prevent short-circuiting of adjacent turns of the copper braid). 
An outer protective p.v.c. sheath is then applied. 

The video delay cable type VDC 600/60 
DELILAH has the following characteristics : - 

Impedance 6002 

Delay 60musec / ft 


wound by 


Construction of the cable 
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In Fig. 8 the standing-wave ratios of the alternated-line 
and quarter-wave transformers are compared for three 
impedance ratios over a wide range of frequency. These 
curves were calculated from expressions (4) and (6) up to 
10 per cent frequency change, and from (3) and (5) for larger 
changes. 


Conclusions 


The transformer described has the advantages over com- 
monly used other types of shorter overall length. and use 
of lines of only the impedances already present. The band- 
width is shown to be little different from that of the quarter- 
wave transformer. The transformer has been found useful 
for joining flexible cables of different impedances and for 
matching rigid lines at fairly long wavelengths, where the 
range of frequencies to be considered is fairly narrow. 


Several units are used in the test equipment associated 
with the 200Mc/s radio-frequency system of the CERN 
linear accelerator. In its air-spaced rigid-line form it has 
been used to match prototype r.f. components to equipment 
having a different characteristic impedance. 
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McGraw Hill (Radiation 


4dB/ usec 

Not less than 5Mc/s/ssec 

+1 per cent of group delay 
from d.c. to 5Mc/s 

100pF /ft 


Insertion loss 
Bandwidth 
Phase delay distortion 


Capacitance 
Maximum continuous d.c. 
current 75mA 

Cable will withstand a 
maximum of 2kV between 
winding and braid 

0°15in 

0-Sin 

0:220z/ft 


Insulation 


Overall diameter 
Minimum bending radius 
Weight 


Calibration Aircraft for V.O.R. and L.L.S. 


Silver City Airways has been awarded a five year contract 
by the Ministry of Aviation to equip and operate a calibration 
aircraft to test radio aids at Commonwealth airports. 

This is believed to be the first contract of its kind to be 
given to any civil airline in the world. 

The testing and calibration of radio navigational aids in the 
United Kingdom such as v.o.r., i.l.s. and v.h.f. direction finders 
is carried.out by the Ministry of Aviation with its own calibra- 
tion aircraft, but in the Commonwealth and elsewhere calibra- 
tion is done by the governments concerned. 

The Silver City’s specially fitted calibration aircraft is a 
Douglas DC 3 with two v.o.r. and two ils. receivers made 
by Wilcox Electrics (U.S.) together with Kelvin & Hughes 
recorders and amplifiers. The aircraft is fitted as a flying 
workshop with the necessary electronic test gear for the main- 
tenance and overhaul of its own equipment. 

The initial Commonwealth tour of the aircraft is now being 
made and inciudes calibration checks at Cyprus, Bahrein, 
Kano, Lagos and Accra. Signals will be recorded and later 
analysed for comparison with the standards laid down by the 
Standard Flight Inspection Manual of the U.S. Civil Aero- 
nautics Administration. 

Silver City Airways plan to offer this service on a world- 
wide basis, to governments overseas whose airports are few 
in number and where the use of government-owned calibration 
aircraft is uneconomic. 
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Short News Items 


The British Electronic Centre will be 
exhibiting at the International Fair at 
Hanover in 1961 for the fourth time. 
This combined’ British Electronic 
Exhibit, organized by Electronic Com- 
ponents Centre (Great Britain) Ltd, 
consists of exhibits by ten firms in the 
component or test equipment field. The 
1961 team will consist of A.B. Metal 
Products Ltd, Geo. Bray & Co. Ltd, 
Cosmocord Ltd, English Electric Co. 
Ltd (Transformer Sales Division), A. H. 
Hunt (Capacitors) Ltd, London Electric 
Wire Company and Smiths Ltd, Muir- 
head & Co. Ltd, M.O. Valve Co. Ltd, 
Painton & Co. Ltd, and Thorn Indus- 
tries Ltd (Special Products Division). 
Information regarding the Electronic 
Components Centre (G.B.) Ltd, can be 
obtained from the Secretary, 31 Morden 
Road, Blackheath, London S.E.3. 


The Electronics and Communications 
Section of the Institution of Electrical 
Engineers is organizing a Conference to 
discuss recent advances in microwave 
measurement techniques to be held in 
the Institution building, Savoy Place, 
London W.C.2, from 6-8 September 
1961. The topics to be discussed will 
include: The measurement of microwave 
power, frequency, Q factor, impedance, 
admittance, reflexion coefficient and 
noise. The Organizing Committee will 
welcome the submission of papers for 
consideration for inclusion in the Pro- 
ceedings of the Conference, and invites 
intending authors to submit, as soon as 
possible, and preferably not later than 
15 February, 1961, abstracts of not more 
than 250 words for preliminary con- 
sideration. It is proposed to associate 
with the’ Conference an exhibition of 
Microwave Measurement Techniques. 


The Council of the Royal Society 
announces that one of its two Royal 
Medals for the year 1960 has been 
awarded to Professor A. C. B. Lovell, 
O.B.E., F.R.S.. professor of radio 
astronomy in the University of Man- 
chester and director of the Nuffield radio 
astronomy laboratories, Jodrell Bank, 
for his distinguished contributions to 
radio astronomy. The Royal Society also 
announces that awards of grants by the 
Paul Instrument Fund Committee have 
been made as follows: £1400 per 
annum for two years, in supplement of 
a previous grant, to Professor G. F. J. 
Garlick, department of physics, Univer- 
sity of Hull, for the continuation of 
work on solid state light image ampli- 
fiers. £2 000, in supplement of a previous 
grant, to Professor D. Gabor, professor 
of applied electron physics at Imperial 
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College in the University of London, and 
Dr. D. Jones, for additional equipment 
for use in connexion with the develop- 
ment of an electron interference micro- 
scope. £1000, in supplement of a pre- 
vious grant, to Dr. H. B. Barlow, 
assistant director of research, department 
of physiology, University of Cambridge, 
and Mr. P. E. K. Donaldson, technical 
officer, physiological laboratory, Uni- 
versity of Cambridge, for further work 
on the development of a device for auto- 
matically improving coding of messages 
and a diffused storage sequence engine. 


A Course of twelve weekly lectures on 
electronic telephone switching systems is 
to be held at the Enfield Technical Col- 
lege. Queensway, Enfield, commencing 3 
January 1961. The fee for this course is 
£1 and applications for admission should 
be made to the Head of the Department 
of Electrical Engineering, Enfield Tech- 
nical College, Queensway, Enfield. 


Marconi’s Wireless Telegraph Co. 
Ltd, are supplying two 18kW vision and 
9kW sound transmitters for each of the 
two new commercial television stations 
in Montreal, and which are expected to 
be in operation early this year. One out- 
let is French while the English outlet is 
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owned by the Canadian Marconi Com- 
pany. The transmitters are suitable for 
colour television. For each channel Mar- 
coni’s are supplying two 1I8kW vision 
and 9kW sound transmitters operating 
in parallel, the first equipment of this 
power ever to be supplied by the Com- 
pany in Band III. The vision equipment 
consists of 4kW transmitters driving 
18kW amplifiers, and the sound equip- 
ment consists of 1kW transmitters with 
10kW amplifiers. The 18kW vision ampli- 
fiers are of particular technical interest 
in that special circuits are employed 
which absorb any. reflected waves caused 
by extraordinary conditions (for ex- 
ample, the presence of snow and ice) on 
the aerial system which are causing a 
mismatch. Normally such a mismatch 
would result in the radiation of delayed 
signals giving rise to “ghosts.” 


David Brown & Sons (Huddersfield) 
Limited and E.M.1. Electronics Limited 
announce that for some time the two 
companies have been engaged in a joint 
programme of “research and develop- 
ment into the problems of applying 
electronic techniques to machine tools. 
This work will be continuously expanded 
so as to utilize fully the technical and 
engineering resources of the two com- 
panies: they will thus be able to offer 
an unparalleled service to the engineering 
and machine tool industries in Great 
Britain and throughout the world. This 
joint development, begun well before the 
publication of the recent White Paper 
on the machine tool industry, has 
already put into practice the recom- 
mendation that research should be 
carried out in industry by joint teams 
of machine tool and control system 
engineers, 


The U.K. Atomic Energy Authority 
have developed a novel high-voltage re- 
lay for application on monitoring de- 
vices in high-voltage circuits. This relay 
which is the subject of a patent appli- 
cation replaces the conventional electro- 
magnetic relay by a beam of light and 
a photocell. The beam is produced by 
a neon glow-discharge tube inside a plas- 
tic housing which defines the path for 
the light beam, acts as insulation and 
excludes external light. The circuit being 
monitored incorporates the neon tube 
and is arranged to energize the latter in 
case of fault conditions. The tube strikes 
and the light emitted causes the photo- 
cell to operate an ordinary low-voltage 
relay which in turn operates an alarm 
In one embodiment, the device operates 
satisfactorily with as much as 8kV be- 
tween the neon tube and the photocell. 
the low-voltage relay being near to earth 
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potential and thus presenting no insula- 
tion problem. Further information is 
available from the Patents Exploitation 
Officer, U.K. Atomic Energy Authority, 
11 Charles HI Street, London S.W.1. 


A Convention on Television and Film 
Techniques, jointly sponsored by The 
British Kinematograph Society and the 
Television Society, is to be held in Lon- 
don on 20-21 April 1961. This Conven- 
tion will be held at The Institution of 
Electrical Engineers, Savoy Place, Lon- 
don W.C.2, and it will cover a range of 
new techniques which are becoming of 
common interest to workers both in films 
and in television. Several aspects of 
colour film and colour television will be 
included in the lecture programme. The 
fee for attending the Convention is 
£3 3s Od, and registration forms for dele- 
gates, and further information, can be 
obtained from: The Convention Secre- 
tary, The Television Society, 166 Shaftes- 
bury Avenue, London W.C.2. 


The fourth Advanced Course in “The 
Principles of Radiation Protection” will 
be held in the Harwell Reactor School 
from 19 April to 18 July 1961. The 
course, which comprises Lectures, Prac- 
tical Work, Demonstrations and Visits, is 
intended for graduates or persons of 
graduate standard either entering or 
already working in the field of Radio- 
logical Health and Safety. A high acade- 
mic standard is set, but since few 


academic courses cover all the necessary 


subjects, the course of lectures will be- 
gin with first principles, and will not re- 
quire previous specialized knowledge. 
The fee for the course is £250, exclusive 
of accommodation. Application forms 
and further details can be obtained 
from: The Manager, The Reactor 
School, Atomic Energy Research Estab- 
lishment, Harwell, Berkshire. 


Cossor Communications Company 
Limited have received a further substan- 
tial order from the Home Office for 
their Series 108 V.H.F. Amplitude Modu- 
lated Transistorized Motor-Cycle Radio 
Telephone Equipment. This latest order 
will bring the total number of Cossor 
Motor Cycle Sets in use by Police Forces 
in Britain up to well over the 700 mark. 
Amongst other orders, a_ substantial 
quantity of the new Series 109 V.H.F. 
Amplitude Modulated Fixed Station 
equipments are to be supplied for police 
use to the Ministry of Home Affairs, 
Northern Ireland. 


A course in French Technical Trans- 
lation is now being held at the Institut 
Francais du Royaume-Uni, Queensbury 
Place, London S.W.7. This course is in- 
tended to meet the rapidly increasing 
needs for a better appreciation tf 
French technical and scientific literature 
in all its forms, as well as providing the 
necessary advanced training for transla- 
tors in commerce and industry. Tuition 
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is divided into French/English and 
English/French oral translation exer- 
cises which are mainly based on extracts 
carefully selected from a wide range »f 
technical periodicals so as to ensure that 
the most extensive and up-to-date 
vocabulary is used. For the present 
academic year, though a wide scope of 
subjects will be dealt with, particular 
stress will be laid on the following: elec- 
tronics, commerce and law, biology and 
chemistry. 


“Radio Techniques and Space Re- 
search ” will be the theme of this year’s 
Convention to be organized by the 
British Institution of Radio Engineers 
from 5-9 July 1961, at the University oi 
Oxford. The Convention will contain at 
least six sessions provisionally entitled: 
Review of the Role of Radio Techniques 
in Space Research. Satellite Engineering 
Problems. Extra-terrestrial © Measure- 
ments. Telemetry. Techniques in Radio 
Astronomy. Satellites in Terrestrial Com- 
munications. The Convention Com- 
mittee has invited offers for papers and 
these, accompanied in the first instance 
by a synopsis, should be addressed to: 
The British Institution of Radio Engin- 
eers, 9 Bedford Square, London W.C.!. 


A ZEBRA digital computer manufac- 
tured by Standard Telephones & Cables 
Ltd, has recently been installed at the 
Woolwich Polytechnic, London, and a 
computer centre has now been set up in 
the Mathmatics Department which will 
be used for the following purposes: (1) 
As a service to users in industry and 
commerce who are invited to discuss 
their problems with the computer staff 
and use time on the computer. (2) For 
the training of students in the use of 
digital computers. It is intended that 
every student of the Polytechnic who is 
studying for a B.Sc. degree in Mathe- 
matics, Physics, Chemistry, Engineering 
or Economics, and every student study- 
ing for a Diploma in Technology or a 
Higher National Certificate with en- 
dorsements, will have an opportunity to 
write programmes for and to operate 
the computer. (3) As an aid to research 
by members of the staff and post-gradu- 
ate students of the Polytechnic and other 
educational establishments. 


The Admiralty has ordered a com- 
puting system from Redifon Limited, for 
use as a simulator in the design of naval 
control equipment and instrumentation. 
It will be installed at the Admiralty 
Experimental Works at Haslar, near Gos- 
port, Hants. The system is a new type 
of electronic computing and data hand- 
ling equipment, called RADIC (Redifon 
Analogue-Digital Computing System), sn 
which analogue and digital computing 
techniques are combined. Analogue com- 
puting elements in the equipment ordered 
include d.c. amplifiers, servo and elec 
tronic multipliers, and function genera- 
tors. Digital elements include a digital 
read-out and scanning unit and an ana- 
logue-to-digital convertor. 


Standard Telephones and Cables Ltd 
have supplied a 262 mile microwave }.nk 
which has been installed between Wel- 
lington and Auckland, New Zealand. 
The Radio terminals for this 4000Mc/s 
600 channel radio link are at Hamilton 
and Palmerston North: these are linked 
by cables to Auckland and Wellington 
respectively. Between Hamilton and 
Palmerston North eight repeater stations 
amplify the broad-band block of 600 
telephone channels. The incidence of 
earthquake shocks and high winds 
called for special care in the construc- 
tion of the 80ft high masts at these 
stations. This type of communication 
system uses a transmitter power of only 
5 watts, concentrated into a very narrow 
beam. The automatic supervisory equip- 
ment for the microwave link uses a 
v.h.f. radio system also supplied by STC. 
This supervisory channel enables faults 
at repeaters to be reported and identi- 
fied at the terminal control stations; it 
also allows the control stations to inter- 
rogate each repeater for checking its 
operational condition. 


WS. Electronics Limited, a member of 
the K.G. (Holdings) Group of Com- 
panies, have just been awarded a con- 
tract for their new High Altitude U.H.F. 
Airborne Emergency  Tranmitter-Re- 
ceiver, to the value of approximately 
£50 000 by the Danish Government. This 
set, which is now in production, has a 
completely transistorized power supply 
and weighs only 84lb. It is required to 
operate with full reliability, even if no 
other radio or electrical equipment in 
the aircraft remains working and it pro- 
vides “last ditch” communications for 
the pilot of an aircraft in distress. 


Lancashire Dynamo Electronic Pro- 
ducts Limited, Rugeley, Staffordshire, are 
manufacturing and marketing a machine 
for the automatic grading of “cops” 
(spools of unspun yarn). The machine, 
developed by the Wool Industries Re- 
search Association, is designed to sort 
cops into six grades of weight as com- 
pared with a standard. The unit utilizes 
electronic techniques to obtain and store 
information from an Avery “Shado- 
weight” scale operating a_ selector 
mechanism to divert the cops into the 
appropriate bins. In addition to the 
mechanical sorting operation, a_ series 
of display counters provide a visual in- 
dication of the numbers handled. The 
Grading Machine rejects cops of ex- 
cessively light or heavy ‘count,’ reduc- 
ing the possibility of costly faults in 
subsequent processes. Grading speeds of 
up to 1800 cops per hour can he 
achieved, depending on the pace of the 
operator. 


The British Broadcasting Corporation 
has placed an order with E.M.I. Elec- 
tronics Ltd for thirty 1kW v.h-f. fre- 
quency-modulated transmitter ampli- 
fiers, to bring v.h.f. reception to cer- 
tain congested areas where reception is 
at present unsatisfactory, and to extend 
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the coverage to areas at present not 
served. These amplifiers will be in- 
stalled in five satellite transmitting 
stations. Each station will be equipped 
with six amplifiers and will radiate the 
Home, Light and Third Programmes 
from two transmitters working in paral- 
lel on the same frequency. The BBC has 
also placed orders with the British Insu- 
lated Callender’s Construction Co. Ltd, 
for the supply and erection of 500ft 
masts for the new Oxford Television and 
v.h.f. station to be built at Beckley near 
Oxford and for the new Television 
station near Manningtree, Essex. 


American Machine and Foundry Com- 
pany, U.S.A. and Pye Limited of Cam- 
bridge have concluded a licensing agree- 
ment for the manufacture and sale in 
the United Kingdom and Eire of nuclear 
research and training reactors. Under the 
terms of the contract Pye will make 
available to U.K. universities, hospitals 
and research centres a fully developed 
and widely used series of low-power re- 
actors and related equipment as well as 
design and engineering services. The 
agreement also anticipates the extension 
of AMF-Pye co-operation in the nuclear 
field throughout the British Common- 
wealth as well as Iraq, Jordan and Egypt. 


D. W. Hill and associates in the Re- 
search Department of Anaesthetics at the 
Royal College of Surgeons have de- 
veloped an experimental respiratory 
machine. The machine can be operated 
at varying speeds as it incorporates a 
Servomex MC 47 Motor Controller sys- 
tem, which also provides for rapid 
acceleration during each simulated 
breathing cycle. The machine thus acts 
as a ‘mechanical patient,’ which simu- 
lates a wide variety of breathing pat- 
terns. It has been developed for experi- 
mental use in testing anaesthetic equip- 
ment and breathing apparatus generally 
(including, for instance, that used by 
an aircraft crew). 


The Ninth General Report and State- 
ment of Accounts of the Commonwealth 
Telecommunications Board shows that 
plans are being pushed ahead rapidly 
for the construction of the “round-the- 
world” system of large-capacity cables 
to provide for the future needs of the 
Commonwealth. The new large capacity 
trans-Atlantic cable to be constructed 
this year by the United Kingdom and 
Canada will be the first link in this 
immense system. Experts from the United 
Kingdom, Australia, Canada and New 
Zealand met last autumn to devise plans 
for the next stage, the large-capacity 
cable system right across the Pacific 
Ocean which will link Australia and New 
Zealand with Canada, and thence, via a 
microwave system across Canada and 
the trans-Atlantic cable, with the 
United Kingdom. This _ trans-Pacific 
cable is one of the largest telecommuni- 
cation projects ever undertaken. It will 
be over 8000 nautical miles long, with 
more than 300 under-sea repeaters, and 
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will have capacity for at least 80 simul- 
taneous telephone conversations. In 
places the cable and repeaters will have 
to be laid at depths of almost four 
miles. The design of the cable and re- 
peaters will be British throughout. The 
Governments concerned are ready to go 
ahead with its construction and it is 
hoped to complete the laying by 1964. 


H.M. Telegraph Ship “ Alert”—a 
dual purpose submarine cable laying and 
repair ship—has recently been launched 
and is expected to be commissioned in 
February next. The primary function of 
the new ship is to maintain the expand- 
ing network of long-distance telephone 
cables in the North Atlantic and she has 
been designed and equipped specially 
for this rigorous service. “Alert” will be 
engaged this year in laying the St. Law- 
rence section of the CANTAT (Canadian 
Trans-Atlantic Telephone) scheme be- 
tween Cornerbrook, Newfoundland and 
Grosses Roches, Quebec, Manahawkin, 
New Jersey and Bermuda. 


Decca Weather Radar is now being 
installed at Ndola Airport in Northern 
Rhodesia, the headquarters of the West- 
ern Province of the Northern Rhodesian 
Government and the commercial and 
distribution centre for the Copperbelt. 
The airfield is in the north of N. 
Rhodesia in an area where tropical rain 
conditions are encountered and the deci- 
sion to fit weather radar will enable the 
airfield authorities to provide extremely 
accurate short term meteorological in- 
formation over an area of many 
thousand square miles in the vicinity of 
the airport. 


“British Standard for fixed wire- 
wound resistors for use in telecommuni- 
cation and allied electronic equipment, 
part 1: General requirements and tests 
(B.S. 2111: Part 7: 1960” (Published by 
the British Standards Institution) is the 
latest in a series dealing with compo- 
nents intended primarily for use in tele- 
communication and allied electronic 
equipment. This British Standard is 
divided into two parts, the first (now 
available) specifying requirements and 
tests and the second (to be published 
later) comprising a list of standard sizes 
and ratings, for fixed wire-wound resis- 
tors. 


Correction 


E.M.I. Ltd state that in their note 
“A Pulse Measuring Unit” (page 549, 
September 1960) the connexion from the 
gate G, should not be taken to the point 
c as shown, but to a further section of 
the delay line to the left of the diagram. 
This new point of connexion should be 
designated c so that the point b and c 
are covered by the time interval 1. 
E.M.I. Ltd also state that in their note 
“ A Regulated Power Supply’ (page 639, 
October 1960) a reference source ia 
Zener Diode) should be connected across 
the vacant terminals on the right hand 
side of the diagram. 
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PUBLICATIONS 
RECEIVED 


TRANSRADIO LIMITED have blished a new 
connector catalogue, entitled ‘“‘Transradio Con- 
nectors Digest’’. This 44-page catalogue contains 
information, illustrations and outline drawings of 
some 200 connectors as well as cross-reference 
lists and service mumbers. Copies may be 
obtained free of charge from Transradio Lid, 
138A Cromwell Road, London, S.W.7. 


SHOCK PROTECTION IN PACKAGING is a 
new booklet dealing with the protection and 
cushioning of goods in transit. Part of the 
booklet gives a treatize on shock damage and 
its elimination and the remainder deals mainly 
with the cushioning and protection materials 
made by the E.R.C. Group of Companies 
Details are available from Commercial Editorial 
Services Ltd, 3 Creed Lane, London, E.C.4, 


FUNDAMENTALS 
MENTATION by 
concerned mainly 
the problems and pitfalls common to them are 
also common to other types of convertors The 
book explains the basic principles of shaft- 
driven digitizers and an understanding of these 
principles provides a foundation for assessing 
the merits and demerits of most digital systems 
Among the subjects covered are coding, de- 
coding, cycling and sampling and storing. The 
book is published by Hilger and Watt Ltd, 98 
St. Pancras Way, N.W.1. Price 7s. 6d. plus 


6d. postage. 


THE MOBILE MANUAL FOR’ RADIO 
AMATEURS, second edition, is edited by the 
Headquarters staff of the American Radio Relay 
League and contains some eighty ‘ 

articles on amateur mobile, emergency and 
portable equipment. This revised edition consists 
of 279 editorial pages, plus index and is avail- 
$3.00 from the American Radio 


OF DIGITAL  INSTRU- 
D. S. Evans is a monograph 
with shaft-driven digitizers, 


able price 


Relay League, West Hartford 7, Connecticut, 
JS.A 


HI-FI YEAR BOOK (1960 Edition) is a revised 
publication compiled and_ prepared by the 
Editorial and Technical staff of “Hi-Fi News’’ 
and “The Tape Recorder.”’ It contains a guide 
to the available audio and high fidelity equip- 
ment, together with a survey of the 1960 scene 
of sound recording and reproduction. Covies 
are available from Miles Henslow Publications 
Limited, 99 Mortimer Street, London, W.1! 
Price: 10s. 6d., plus Is. postage 


MASTER RECEIVING-PICTURE TUBE SUB- 
STITUTION GUIDE BOOK, by H. A. Middle- 
ton, is a revision of ‘ Receiving Tube Substitu- 
tion Guide Book’ published in 1950. This is 
an American publication which is available in 
this country. Price 60s. from Chapman and 
Hall Ltd, 37 Essex Street, London, W.C.2 


PANALARM ANNUNCIATORS is a catalogue 
illustrating the wide range of audio-visual 
annunciators manufactured by this Company 
Panellit Limited, a member of the Elliott Auto- 
mation Group. Enquiries should be addressed 
to the Sales Manager, Panellit Ltd, Elstree 
Way, Borehamwood, Herts 


ELECTRONC EQUIP- 
MENT is a brief synopsis of what has been 
achieved by the Apparatus Division to further 
reduce costs and increase efficiency in a num- 
ber of existing and new industrial processes. It 
includes sections on electronic motor control, 
power magnestats, static switching, welding 
controls, voltage regulators, electronic timers, 
radio frequency heating, photo-electric equipment, 
control of paper machine drives, etc. Copies 
can be obtained on application to the Adver- 
tising Department, AEI (Rugby) Ltd, Mill Road, 
ee Fi 


AEI INDUSTRIAL 


PROGRAMMED INDUSTRIAL CONTROL is 
the title of a leaflet published by Automation 
Engineering Systems Ltd, 42 Theobaids Road, 
London, C.1, dealing with their multi-pur- 
pose instrumentation systems suitable for 
operating a variety of machines or processes 
Details can be obtained from The Director at 
the above address 


is number 12 in a 
‘Plastics in the 
Her Majesty's Stationery 
W.C.2, on behalf 
Price 6s. 


POLYVINYL CHLORIDE, 
series of reports entitled 
Tropics ’ published by 
Office. Kingsway, London, 
of the Ministry of Aviation 
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Lereense 1O THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Teleprinter Drive Circuit 

Dear Sir,—It is frequently necessary, 
as in a data-logging system, to print 
out results that are available only in an 
electrical form. The teleprinter, although 
slow, is a simple method of achieving 
this when driven from a Dekatron 
receiving 50c/s pulses from the supply 
mains, and feeding a power amplifier 
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. The teleprinter drive circuit 


directly energizing its magnet coils (Fig. 
1). A normal diode matrix suppresses 
the required pulses at the input to the 
power amplifier to enable any character 
to be printed. 
Yours faithfully, 
W. D. GiL_mour, 


E.M.1. Electronics Ltd, Wells. 


The Performance of Pulse and 
Wideband Amplifiers 


Dear Sir,—The gain-bandwidth GB 
gain 


aliens 
product, 2a 


(GB =1 for an uncompensated RC 
amplifier), is sometimes used as a figure 
of merit for wideband amplifiers. It is also 
often stated that for an amplifier having 
an approximately gaussian high fre- 
quency response’ characteristic, the 
relation between frequency response and 
rise-time is :— 

f 0-33/1, (1) 


expressed in units of 
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where f 3dB down point 
tr = Rise-time (10—90 per cent) 
Expression (1) does not however take 
account of the large dynamic range re- 
quired in pulse amplifier output stages. 
where the main requirement is to charge 
and discharge a capacitance in a short 
time; in this case gain is of secondary 
importance, while the ability to deliver 
a large current becomes all important. 
In this context an expression some- 
times used is :— 


Eas te = 1,/2-2C ‘ , e (2) 


, [Asymptotic to zero | 


uncompensated 
(b @-O25 critically damped 
©) ¢=0-414 maximally flat 1 ©) 
or 
Lit me eet 
34 567869) 








= * i 
2 34 56780 2 
VALUE OF x 





1. Frequency response curves for three 


types of amplifier 


where E is in volts 
t, is in nanoseconds 
/, is in milliamperes 
C is in picofarads (being the 
sum of output, load, and 
stray capacitances) 

A more rigorous requirement is to 
linearly deflect a crt. spot. Using 
equation (2) as a guide, consider the 
requirement for the valves of a push- 
pull pair, which are required to provide 
250V of Y deflexion in O-lusec; the 
capacitive load will consist of the 
plate capacitance connected between 
anodes, and the stray capacitances from 
each anode to earth, plus the valve out- 
put capacitance. This might be 30pF. 
Eee X 2°2C 

tr 
1, = 250 66/100 
1, = 165mA per valve. 

This is current swing which makes no 
allowance for operating the valves 
linearly. 

Fig. 1 shows frequency response curves 
for three types of amplifier. 

The curves were plotted from the 
following formula: 

Response in decibels = 

10 log 


L,= 


ae, . (3) 

(1—ax*) + x? 

a= L/R,C, L being a shunt peaking 
inductance. 

(for a=0), that frequency at which 
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the response is 3dB down. 
Fig. 2 shows the corresponding rise- 
times where 
Y = Ve (le) ...... & 
where V = voltage across R ata time! 
V.= Applied voltage. 

A critically damped amplifier is one 
having the best possible rise-time con- 
sistent with a monotonic response to a 
step function. 
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2. Rise-times of the three amplifiers 


It will be observed that the 90 per cent 
rise-time is approximately 1-6RC com- 
pared with 2:2RC for the uncompensated 
case—an improvement of 1°4 times. 

The bandwidth improvement is simi- 
lar—from x=1, to x=1'4 (GB=1-4). 

A maximally flat amplifier is one 
which has a constant gain up to the 
highest possible frequency. It will be 
observed from Fig. 2 that the overshoot 
is 4 per cent. 

The rise-time is approximately 1:°3RC, 
an improvement of 1:7 times over the 
uncompensated case, ie. GB = 1°7. 

Further increases of bandwidth/ rise- 
time by an increase of a or by the use 
of more elaborate networks need not be 
considered for measuring instruments, as 
the overshoot becomes excessive. 

The output of a sweep amplifier is 
required to te a faithful reproduction 
of a linearly rising waveform applied to 
its input, when working into the load 
resistor, plus a load consisting of the 
valve output capacitance + stray capaci- 
tances + c.r.t. plate capacitance. 

Ip = Int+leo 
= (E/R) + C (dv/dt) 
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7 = ke 
Ip = (kt/R) + Ck 
= Valve anode current 
(instantaneous) 
R = Valve anode resistor 
ree Final voltage 
Waveform duration 

At the start of the sweep the current 
must instantaneously rise to a constant 
value Ck, which is then steadily increased 
by an amount kt/R, if a linear voltage 
is required. 

Normally Ck is small compared with 
kt/R and non-linearity is negligible, but 
at fast sweeps the initial instantaneous 
current demand is large, and the voltage 
rise takes the form shown in Fig. 3. 

The remedy is to increase the valve 
current so that the capacitor current be- 
comes a small proportion of the whole, 
and the distortion is confined to a short 
initial part of the sweep. Alternatively, 
a voltage step could be applied to the 
valve grid at commencement, to pulse it 
into the desired current. 


Fig. 3. Voltage rise 
(Dotted line shows the desired shape) 


[he situation is complicated by the 
fact that push-pull deflexion is normally 
used, the conditions of the two valves 
are quite different at commencement, 
and feedback may be used to minimize 
the effect. In practice, therefore, difficul- 
ties can be expected (assuming 300V of 
sweep is required), only as the duration 
is reduced below about Susec. 

In the case of a linear voltage change 
applied to the grid of a valve which 
results in a linear current change in the 
anode supplying a network CR, if / 
represents the rate of change of current 
such that i = /t, then the instantaneous 
voltage across the network is given by 
V = ItR—ICR? (1—e~*'©8). 

The assistance of Messrs. R. Reeves 
and D. Parker in the compiling of this 
letter is gratefully acknowledged. 

Yours faithfully, 
A. E. CAWKELL, 

Cawkell Research & Electronics Ltd. 


Heat Control in Electronic 
Equipment 

Dear Sir,—lIt is frequently important 
to predetermine the temperature rise of 
electronic equipment and precise and 
useful data was given in an article by 
Mr. E. N. Shaw in the January 1957 
issue of ELECTRONIC ENGINEERING. 

For industrial use completely airtight 
cabinets are often used and the heat 
dissipated in the cabinet is then trans- 
ferred by radiation and convection from 
its surface. 
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Fig. 1. Power transferred from the extemsio- 
meter 





Surface emissivity is 0-9 


The power radiated from the surface 
is: 


P, = S-2e.10-* 


T, + 4t\ * : 
—— —(T./ 100) A (watts) 
100 ? 


(1) 


e = emissivity 
T, = ambient temperature (°K) 
Ar = temperature rise (°C) 
A= surface area (cm’) 

The power convected is: 

P.. = k(At)'**A (watts) ices 
where k = constant; ‘00026 for upward 
surface and -00017 for vertical surfaces. 

These relations have been applied to 
an extensiometer which is used in a steel 
rolling mill. This appliance uses about 
60 valves and has a power consumption 
of 500W. The total power transferred 
from the extensiometer is: 


7, + &¢\ * . 
Pe 202] ( on ) (T, 100 | 


+ 7°43 (Ar)'"*5 watts ....... i oisten, a 


Fig. 1 
dimensions of the 


where 


shows this relation while the 
extensiometer are 





of the ext cabinet 
and measured temperatures 
(All dimensions are in mm) 
Ambient temperature 33°C 
Mean temperature—top surface 432°C 
side surface 43-3°C 
Mean temperature rise—top surface 10°2°C 
side surface 10-3°C 
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given in Fig. 2. If the ambient tempera- 
ture is 20°C then the temperature rise is 
12°3"G:, 

The temperature has been measured 
at 15 points and the results are shown 
in Fig. 2. The differences between the 
measured temperatures and those calcu- 
lated from equation (3) are very small 
and it may be concluded that equations 
(1) and (2) provide an accurate means 
for determining the temperature rise of 
an airtight cabinet. 

Yours faithfully, 
T. MIzUuKOSHI, 
Akashi City, Japan. 


The Author Comments : 


Dear Sir,—The first two equations in 
Mr. Mizukoshi’s letter are the Stefan- 
Boltzmann law for radiation transfer 
and the empirical formula for convection 
transfer, respectively. The total heat 
transfer for the example given is ob- 
tained from equation (3) which, plotted 
in Fig. 1, enables the appropriate equili- 
brium temperatures to be determined. 

If Fig. 1 were plotted log-log-wise 
against watts per unit area, straight lines 
would result and the figure would differ 
little from that in my article’ (Fig. 1, 
p. 14), except that Mr. Mizukoshi 
assumes an emissivity of 0°9 and plots 
variations in temperature rise for three 
ambient temperatures, whereas I as- 
sumed a constant ambient temperature 
of 20°C and plotted the temperature rise 
for three values of emissivity in order 
to demonstrate the effect of surface 
finish. 

Taking the enclosure area as 6 700in* 
and dividing it into the 500W dissipation 
gives a figure of 0°075W/in? of thermal 
load which, from my curves, should 
result in a temperature rise of 12°5°C, 
in complete agreement with Mr. Mizu- 
koshi. 

Based as they are on the same 
physical laws, the slightly different lines 
of approach are bound to result in an 
identical figure for an enclosure tem- 
perature rise, although it is a fact that 
determination of enclosure temperature 
is of very little practical value. The im- 
portant thing is to ensure that com- 
ponent temperatures inside the enclosure 
are not excessive and to give heat 
sources the opportunity of rejecting their 
heat to ambient (without affecting tem- 
perature-sensitive items) by methods 
such as those outlined in the above 
article, 

E. N. SHaw. 
Malvern, Worcestershire. 
REFERENCE 
1. SHaw, E. N. Heat Control in Electronic Equip- 
ment, Electronic Engng. 29, 13, 65 & 115 (1957). 


Correction 

Messrs. Will and Hardie, the authors 
of the letter “The Tunnel Diode” pub- 
lished in the December 1960 issue regret 
that figures 2 and 4 were interchanged 
in their letter and that the captions 
should have read ‘Fig. 2. Equivalent 
circuit of a thermistor’, and ‘Fig. 4. 
Equivalent circuit of a tunnel diode’. 
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BOOK REVIEWS 


Introduction to Modern Network 
Synthesis 

pa Ig ag A 

York. Chapman & 1 


Hall Ltd, Lendon. 
Price 94s. 


iy the preface to his Synthesis of 
Passive Networks, published in 1957, 
Professor E. A. Guillemin explained that 
he had produced the book prematurely 
because some of his former students were 
threatening to “beat him to the draw”. 
What he meant is now clear. Books on 
network synthesis arriving from the 
United States are becoming almost as 
numerous as books on automatic control 
systems. This new volume is by Professor 
M. E. Van Valkenburg of the University 
of Illinois—a student of a student of 
Professor Guillemin. 

After two introductory chapters in 
which the principles of network analysis 
are reviewed, the reader is introduced to 
‘ positive real’ functions. It was Dr. Otto 
Brune’s discovery that a physically realiz- 
able driving-point function is positive real 
that provided a basis for modern network 
synthesis. According to Brune, a positive 
real function of s is one that is real when 
s is real and has a real part that is non- 
negative over the entire right-half of the 
s-plane. The discussion of this topic occu- 
pies two chapters, the second of which is 
concerned with a method for testing the 
positive real character of driving-point 
functions. The method is based on the 
maximum modulus theorem, the Routh- 
Hurwitz criterion, and Sturm’s theorem. 
In the following three chapters, elemen- 
tary realization procedures are given for 
non-dissipative double-energy, dissipative 
single-energy, and dissipative double- 
energy driving-point functions. The treat- 
ment of driving-point function synthesis 
concludes with a study of the relation- 
ship between the real and imaginary parts 
of sinusoidal steady-state network func- 
tions. The subject of the ninth chapter is 
approximation; this is, the determination 
of a realizable network function that 
satisfactorily approximates the desired 
network behaviour. The techniques de- 
scribed are suitable for rough approxi- 
mation of the kind used in automatic 
control applications; a later chapter deals 
with the more precise approximation 
methods used for communication net- 
works. 

Transfer function realization is con- 
sidered in the next five chapters. Among 
the methods introduced are Cauer’s ladder 
development, Cauer-Guillemin _ series 
and parallel realization, and symmetrical 
lattice realizations. Transftr function 
approximation by Butterworth and 
Chebyshev functions and approximation 
for maximally flat time delay are the 
topics of the thirteenth chapter. The next 
two chapters deal with resistance termi- 
nated non-dissipative networks and the 
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final chapter covers network design by 
the older image parameter method. 

As an introduction to the theory of 
passive network synthesis, the book can 
be highly recommended. A comprehen- 
sive guide to turther reading appends each 
chapter. Of special interest are the brief 
biographical remarks about the major 
contributors to the field of network 
theory. One learns, for example, that the 
long lost Dr. Otto Brune is now Principal 
Research Officer at the National Physical 
Research Laboratories in Pretoria, South 
Africa. It is customary, in reviews of 
American technical books, to observe that 
no reference is made to the work of 
British investigators. In the case of 
modern network synthesis we have little 
ground for complaint. 


S. R. DEarDS 


Numerical Methods for High Speed 
Computers 


By G. N. Lance. 166 pp. 4 fies. Demy S8vo. 
Hiffe & Sons Lid. 1960. Price 42s. 


3 tee realize the full possibilities of 
which electronic computers are 
capable it is essential that they should be 
fed with information in the most suitable 
form. Programmers are frequently finding 
that classical methods of mathematical 
computation do not take full advantage 
of the facilities provided by modern auto- 
matic high speed computing machines. 
Because of this, research mathematicians 
have developed new methods of solving 
complicated problems, many of which 
are applicable only to electronic com- 
puters. To date, most of the new methods 
have only been published in original 
papers which may have a limited circula- 
tion. This book should be of interest to 
programmers, mathematicians, engineers, 
physicists, chemists and scientists con- 
cerned in the application of electronic 
computers to the solution of their own 
particular problems. 


Computer Engineering 
Edited by S. A. Lebedev. 184 pp. 94 figs. Demy 


8vo. Pergamon Press Ltd. 1960. Price 63s. 
HIS book is a rather disjointed col- 
lection of papers describing various 
aspects of computer engineering in the 
U.S.S.R. Almost half the book is devoted 
to a paper, entitled “Digital Integrating 
Machines” (Differential Analysers), a 
theoretical design study for a digital dif- 
ferential analyser using drum storage. 
This is based largely on reports of Ameri- 
can machines published between 1952 and 
1956, and it is surprising to find that so 
many references are incomplete and in- 
accurate. 
In contrast. “Methods of Selecting the 
Required Word from a Dictionary” and 
“A Method of Automatic Monitoring of 
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a Serial Arithmetic Unit” cover only nine 
pages. The former contains a suggestion 
for an analytical method of selection 
which may be novel. Unfortunately, 
neither paper is readily understandable. 

Another paper deals with the design of 
power supplies for the BESM, a large 
valve computer. Stability and marginal 
testing requirements are discussed. The 
problems and their solutions are familiar. 

A further paper attempts to establish 
the superiority of dynamic flip-flops and 
describes several types. 

Two papers deal with some aspects of 
ferrite core stores. The emphasis is on 
the design problems encountered with 
cores lacking good squareness in the 
hysteresis loop. 

The book concludes with a paper on 
nomenclature and definitions. 

It seems that the main interest in the 
book is likely to lie in the picture it 
presents of computer engineering in 
U.S.S.R. 

P. G. BRIGGS 


Electromagnetic Wave Propagation 


Edited by M. Desirant and J. L. Michiels. 730 
pp. 496 figs. Medium 8vo. Academic Press Inc., 
New York and London. 1960. Price $22.00. 


ROM the title it might be thought 

that this is yet another treatise on 
radio wave propagation, but in fact, as 
the sub-title reveals, it is the Proceedings 
of an International Conference sponsored 
by the Postal and Telecommunications 
Group of the Brussels Universal Exhibi- 
tion. However, apart from an account 
of the origin of the book given in the 
Foreword, there is no indication that the 
papers were presented at Liége in October 
1958. There is no reference to their rela- 
tion to the various Sessions of the Con- 
ference, nor is there any mention of the 
discussion which took place. 

The Foreword explains that ‘in order 
to avoid unnecessary delay in publication, 
no attempt has been made to standardize 
notations and so on, the papers having 
been prepared according to the customs 
prevailing in the country of origin’. Thus 
four of the papers are in French and five 
in German, the remainder of the total 
of 54 being in English, and one is left 
with the impression that the editors’ main 
task, occupying nearly two years, was the 
obtaining of papers from those authors 
whose contributions were not in final 
form at the time of the Conference. 

Little attempt has teen made to group 
the papers in any logical sequence so 
that, for instance, ionospheric and tropo- 
spheric topics are interspersed throughout 
the book. It might equally well be a 
bound volume of papers taken from the 
various scientific journals; indeed some 
of the authors have in the meantime 
published similar papers elsewhere. It is, 
therefore, impracticable and inappropri- 
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ate to review the book in the usual way. 

Indeed, ali that can be said is that it 
should be alongside of the scientific 
journals with which it is strictly com- 
parable in all libraries catering for the 
radio engineer, as it contains many 
important papers covering the whole field 
of which the research worker should be 
aware. At $22-00 if is not likely to attract 
the general reader for whom it is prob- 
ably not intended, though the price is not 
excessive by present standards for a book 
of its size and quality. 

The reader who dutifully begins by 
reading the Foreword may be unfavour- 
ably impressed by two obtrusive printing 
errors, but samples taken at random from 
the body of the book suggest that the 
proof-reading has been carefully done 
even of the handful of highly mathemati- 
cal papers. Although the editors could 
have done more to relate the book to the 
Conference from which it stems, both in 
the title on the cover and in the format 
of its contents, they have assured a uni- 
formity of presentation with regard to the 
figures and the general lay-out of the 
text that will be appreciated by all who 
have to consult its pages in the course of 
their research. 


G. MILLINGTON 


Elsevier’s Dictionary of Amplifica- 
tion Modulation Reception and 
Transmission 


Edited by W. E. Clason. Demy 8vo. D. Van 
Nostrand Co. Ltd. 1960. Price 120s. 


N the field of electronics covered by 

this fifth dictionary of the same 
author, there are a large number of ex- 
pressions which have never appeared in 
existing dictionaries. 

The subjects are so chosen that they 
are equally applicable to all branches of 
telecommunication. In fact, the author’s 
idea was to bring together these terms in 
a volume which will be equally useful to 
the radio, television, telegraphy and tele- 
phone expert, etc. 


Technik der Magnetspeicher 
(Magnetic Storage Technology) 


Edited by F. Winckel. 614 pp. 325 figs. Mediom 
8vo. Springer-Verlag, Berlin. 1960. Price DM.72. 


DVANCES made in the fields of 

sound recording, television recording 
and computing equipment, to name but 
a few, have led to the birth of a new 
technology dealing with all aspects of 
magnetic storage. This volume is there- 
fore very welcome, as it gives a compre- 
hensive survey of recent developments 
and of the techniques used in the various 
magnetic storage devices at present in 
operation, 

This book is the work of some dozen 
leading German authorities and the con- 
tribution made by each may be read on 
its own with no lack of completeness. 
This makes it ideal for reference purposes 
and although a certain amount of repeti- 
tion is unavoidable, especially on the 
theoretical side, the reader is compen- 
sated for this by the thoroughness of the 
treatment. 


JANUARY 1961 


The opening section covers magnetic 
fundamentals and the properties of mag- 
netic materials, such phenomena as Bloch 
walls and spontaneous magnetization 
being discussed in detail. The relation- 
ship between the various systems of units 
encountered in the study of magnetism is 
also set out clearly. The next section deals 
with the principles and practice of mag- 
netic tape recording and a particularly 
thorough section on video tape recording 
is included. 

A large portion of the book is devoted 
to the relatively new use of magnetic 
stores in computing equipment, promi- 
nence justifiably being given to ferrite 
core matrix systems although drum, disk 
and tape systems as well as wire matrices 
are fully discussed. Magnetic storage 
theory is then treated and measuring 
techniques are described. 

A further section deals with the manu- 
facture and electroacoustic properties of 
recording tapes while the final section 
covers standardization, an important sub- 
ject when one considers the number of 
manufacturers and users involved. 

The main subject matter is interspersed 
with a number of discussions of associa- 
ted topics such as, for example, render- 
ing magnetic recordings visible and studio 
procedures. The fields covered are there- 
fore very diverse in nature and there are 
few aspects indeed of magnetic storage 
which do not come under consideration. 

The subject covered would doubtless 
be of great interest to students although 
the book is directed principally at the 
practicing engineer. Designers of record- 
ing and computing equipment would gain 
particular benefit from its perusal and the 
interest of the general reader would be 
stimulated. 

A. S. Hay 


Glossary of Terms Used in Tele- 
communication (including Radio 
and Electronics) 

291 pp. Demy Svo. British Standards Instita- 
tion. 1960. Price 35s. 


HIS British Standard, having been 

approved by the Telecommunication 
Industry Standards Committee, and en- 
dorsed by the Chairman of the Engineer- 
ing Divisional Council, was published 
under the authority of the General Coun- 
cil, and this is the third revision of the 
original publication of 1924. 


Industrial Electronics Apparatus 
(Steps in Design and Maintenance) 
By P. Van Der Ploeg. 116 pp. 22 Figs. Demy 
Svo. Phi * Technical Li . Cleaver-Hame 
Press . Londos. 1960. 9s. 6d. 
HE object of this book is to show 
both the designer and the service- 
engineer the extent to which trouble-free 
operation of electronic equipment is 
dependent on the attention to detail 
in the design, production, use and main- 
tenance. The development of a typical 
item of electronic equipment is traced 
step by step in a logical classification 
from the first experiment in the labora- 
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tory to the production and subsequent 
maintenance of the final unit. Through- 
out the book practical tips and hints are 
given. 


Basics of Induction Heating 
Volumes 1 and 2 

By C. A. Todbury. 284 pp. 268 figs. Demy Sve. 
John F. Rider Publisher Inc. 1960. Price $7.89. 

HESE two books present the funda- 

mental principles underlying the art 
of induction heating and the application 
of induction heating equipment. The elec- 
trical and thermal aspects of induction 
heating, and the mechanical problems 
associated with fixturing are explained in 
detail. Review questions are given at the 
end of each section and a glossary is in- 
cluded in each volume. 


Woods Practical Guide to Fan 
Engineering 


Edited by W. C. Osborne and C. G. Turner. 

284 pp. 162 figs. Medium Svo. Woods of 

Colchester Lid, Colchester. 1960. 2nd edition. 
Price 17s. 64. 


HIS is the second, enlarged edition 

of a much-needed book, in demand 
throughout the world. It concisely pre- 
sents the basic principles governing the 
selection and operation of fans; and con- 
tains practical information on the design 
of duct systems and on fan applications; 
new sections have been added on drying 
and air heating, and also included is new 
data on sound level assessment. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


(Voir page 57 pour la traduction en frangais ; 


AERIAL ISOLATOR 


Egen Electric Lid, Charfleet Industrial Estate, 
Canvey Island, Essex 


(Illustrated below) 


A new introduction to the Egen range 
of components is the aerial isolator type 
364. It provides aerial isolation on a.c./ 
d.c. television receivers in a single com- 
pact and rugged unit which complies 
fully with the individual requirements 
of B.S.415. Insertion loss is very low 
and its electrical specification ensures 
maximum performance at all frequencies 
envisaged for domestic receivers. 

It is completely coaxial with full 
screening of the inner conductor. The 
series inductance of the feed-through 
capacitor in the outer conductor is very 
low, while the feed-through capacitance 
is 470pF in both conductors, tested to 
3kV dc. 


Provision is made for direct mounting 
to chassis or separate bracket and it can 
be supplied with any required length of 
coaxial cable, already attached, for con- 
nexion to the receiver input circuit. The 
external socket accepts a standard coaxial 
plug to R.E.C.M.F. specification. 

EE 29751 for further details 


BAND 1V KLYSTRON 
English Electric ig Co. Ltd, Chelmsford, 
issex 


(Illustrated above right) 


The English Electric Valve Co. Ltd 
has commenced production of the 
4KMS50,000LA high power tunable 
klystron which will deliver a c.w. out- 
put of not less than 10kW, at an effi- 
ciency of 40 per cent. 

Manufactured by E.E.V. from infor- 
mation supplied by Eitel McCullough 
Inc. U.S.A. this valve operates at 400 
to 610Mc/s and is mechanically tuned 
by means of external cavities. 

An insulated modulating anode is em- 
ployed which permits amplitude or 
pulse modulation of the output without 
changing the beam voltage and also 
provides protection when connected to 
the klystron body through a high re- 
sistance. The electron beam is focused 
by electromagnets and the focusing 
arrangement, the tuning cavities and the 
adjustable load couplers for the second, 
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accessories and test instruments. 


third and output cavities are supplied 
separately. The r.f. connexions to the 
cavities are coaxial. 

By keeping the tuning cavities com- 
pletely external to the vacuum envelope, 
replacement costs at the eventual end of 
the tube life are limited to the tube 
only. Repeated tuning operations can 
be performed without stressing or 
damaging the tube so that besides pro- 
viding flexibility of operation the ex- 
ternal tuning arrangement reduces the 
risk of failure. 

In application the 4KMS50,000LA 
would prove suitable for Band 1V tele- 
vision transmitters, especially local tele- 
vision stations serving small densely 
populated areas, because maintenance 
and replacement costs are kept to a 
minimum. Another field of application 
is in u.h.f. propagation. 

EE 29752 for further details 


DIAL INDICATORS 


Ketay Ltd, Eddes House, Eastern Avenue West, 
Romford, Essex 


(Illustrated below) 


Two robust but accurate square 
flange indicators for use wherever angu- 
lar or linear information is required to 
be displayed or repeated are now added 
to the range available from Ketay 
Limited—a member Company of the 
Plessey Group. 

The new basic indicator has a 3in 
diameter dial and operates by a.c. syn- 
chronous transmission. 

Standard scale calibration is 0 to 360 
in 2° intervals but alternative scaling to 
customer's requirements can be provided 
at no extra cost. Well-damped size 11. 15 
or 18 Ketay synchro torque receivers 
are used so that the pointer has very 
short settling time. Normal accuracy is 
+1°. Ketay synchro torque transmitters 
complementary to the synchro torque 
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receivers specified are available for 50, 60 
or 400c/s operation and special trans- 
mitters can be supplied where several 
indicators are required to operate from 
one transmitter. 

For course-fine indication a 7}in 
square flange version is being produced; 
this model uses two size 18 torque syn- 
chros which operate in conjunction with 
a course-fine transmitter unit. 

EE 29753 for further details 


HEAT SINKS 


Marston Excelsior Lid, Fordhouses, Wolver- 
hampton, Staffordshire 


(llustrated below) 

The increasingly wide usage of power 
transistors and related semiconductor 
devices has made necessary the provision 
of effective but inexpensive means of 
cooling. To cater for this need, Marston 


Excelsior Ltd, whose work for the elec- 
tronics industry has been concentrated 
on specialized heat exchangers for air- 
borne equipment, has now designed 
standard heat sinks cooled by natural 
air convection. Limited quantities of 
two models are now available. Model 
1 with sixteen fins has a nominal thermal 
resistance of 13°C/W and model 2, 
having eight fins, 2}°C/W. in free air. 
EE 29 754 for further details 


V.L.F. SIGNAL GENERATOR 
Lid, High Wycombe, Buckinghamshire 
(Illustrated on page 53) 


Airmec 


The v.Lf. signal generator type 257 
operates over the frequency range 0-03 
to 30c/s and provides four phase re- 
lated output signals simultaneously. 

The normal output signal is con- 
tinuously controllable from 500“V_ to 
50V peak by means of stepped and slide- 
wire attenuators. The reference and 
quadrature outputs provide fixed level 
(12V) signals suitable for phase measure- 
ment purposes, the former being in 
phase with the normal output and the 
latter lagging by 90°. A fourth variable 
phase output provides a signal which is 
continuously adjustable in phase (with 
respect to the normal output) by means 
of a control on the front panel cali- 
brated 0 to 360°. This signal is con- 
trollable also in amplitude over a range 
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EE 29 117 for further details 


Dlaude Dyons 


COMPACT SERIES ASR & ATC. 


Ingenious step principle. Small, light, inexpensive. Designed to 
provide adequate stabilisation for many applications, without 
distortion. 600 VA to 2-4 kVA. Normal or tropical finish, 


AC AUTOMATIC sunt tt 


PRECISION ELECTRONIC SERIES BAVR. 
Extremely rapid response. Very high accuracy of +-0-15%. 
Models for ratings of 200, 500, & 1000 VA. Normal or tropical finish. 


VOLTAGE REGULATORS 


HIGH-SPEED DISTORTIONLESS SERIES TCVR. 

For precision equipment, computers, etc. Accuracy +0-5°%. 

Very high correction rate of 40 volts/sec. Large range, 2-2 to 

12-7 kVA single-phase, 6-5 to 38-2 kVA three-phase. Cabinet or 
rack-mounting models. Normal or tropical finish. Can be made to 
Services’ specifications, etc. 


1-2 kVA 
ASR-1150 


7-7 kVA 
TCVR-7000-AR 


AND STABILISERS “""™ 


DISTORTIONLESS SERIES BM & BMVR. 

Wide industrial and laboratory applications. Accuracy +0°5°%. 

Very large range, 1-8 to 31-2 kVA single-phase, 6-5 to 94 kVA three- 
phase. Many models for rack-mounting. Normal or tropical finish. 
Can be made to Services’ specifications, etc. 


200 VA TO 94 KVA 


Operation of all types independent of wide 
variations in frequency. 94 kVA 


Special models manufactured to customers’ BM-751-C 


quantity requirements. (covers removed) 


Write for complete 
information. 


STABILISER DIVISION 


VALLEY WORKS - HODDESDON -: HERTS -: TEL: HODDESDON 4541-6 


CL Go'ta 
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EDISWAN MAZDA XAI51 AND XA1I152 SWITCHING TRANSISTORS 


The XAI51 and XA152 are germanium pnp alloy junction transistors intended for switching applications. 
TENTATIVE RATINGS AND DATA 


Maximum Temperature yee ee 7 General Characteristics 5 OE ig 
Junction Temperature (°C) . 65 25 60 
ae bee may tl Sh a en eo 65 Maximum Collector/Base Leakage Current 
ximum Ratings ute Values for T,... = V., = —15 V, Emitt eae = — $0 

Peak or Mean Collector/Base Voltage (Common Base We : , +s me eer eet 

Circuit) (volts)... - —15 Ce er. “Oe 
Peak or Mean Collector/Emitter Voltage (V,. 2 0°5V Maximum Emitter/Base Leakage Current 

or R,, = 0) a 15 (V. = —12V, Collector open circuit) (uA) —10 
Peak or Mean Emitter Base Voltage (volts) of —12 
Collector Dissipation (mW) vi 66 Thermal Resistance in Free Air ((C/mW).. 0-3 


DIMENSIONS AND BASING 
18-5 I I ASL DIAMETER 

—— ee 38NOM. am | /OF LE ae 

a : a 0-4318 (0-017") 

x ae +0-0508 (0:002”") 
5-8 . 5:8 ' —0-0254 (0:001") 
MAX. 4 MAX 
ts 7 oe a 

| ARROW TO INDICATE 

COLLECTOR VIEW OF LEAD ENDOS 


Dimensions in mm except where stated otherwise. Dimensions include insulated sleeve. 


XA151 SWITCHING CHARACTERISTICS XA152 SWITCHING CHARACTERISTICS 
Typical Production Spread Typical Production Spread 
Min, Av. Max. Min. Av. Max. 
Static Current Amplification (d.c.) Static Current Amplification (d.c.) 

(V.. = —0°25 V, E. —10mA) 20 ~- 90 .. 0-25 V, I. 10mA) 40 —- —- 
0-25 V, I, SOmA) 20 _- 80 (V.. 0-25 V, J. SOmA) 40 “= -— 
0:25V,I, = —125mA) 10 60 (Vie 0-25 V, I, 125mA) 20 — - 

Collector/Emitter Saturation Voltage (volts) Collector/Emitter Saturation Voltage (volts) 
(I, = —10mA, |, - 0-6 mA)—0-:04 — 0-14 (I. 10 mA, [, 0-3 mA) —0-04 — 
(i, ~50 mA, lL, = —3 mA) 006 — 0-2 (I, 50 mA, I, = 1-SmA) —0:06 — 
(I, 125 mA, I, = —14mA) —0:06 — -—0O-28 (I, 125 mA, I, 7-SmA)—0-06 — 
Base Resistance ry,‘ (Q) Base Resistance rj,‘ (Q) 

(V. = —6V,I, = —-ImA) .. — 75 (Vie 6 V, I. I mA) .. 75 
Cut-off Frequency f, * (Mc/s) Cut-off Frequency f, * (Mc/s) 

(V. = —2V,1, -10 mA). 3 — (Vee = 2 Vy ke 10mA).. 5: — 
Collector Depletion Capacity (pF) Collector Depletion Capacity (pF) 

(Va. = —6V,I, = 0) — 11 (Vin 6V,I, =0) .. a! 11 
Collector Time Factor TCO ‘(mps) Collector Time Factor tco (mys) 

(V., = 0-25 to —4:25 V (V.. 0-25 to —4-25 V, 

I, = —l0-85to —O-85mA) .. — 30 I, 10-85 to —O-85mA) .. — 2 
Saturation Time Factor 7s (ys) Saturation Time Factor 7s (:s) 

(I, = —10-85mA;I, = —0-62 mA)— 0s — (I, 10-85mA, I, 0-23 mA)— 0-9 
Bst(L. = —10°85mA; I, 0-62 mA)— 27 — Bst(I, = —10-85 mA, |, 0-23 mA)— 36 
* Frequency at which the modulus of the common emitter current amplification is equal to unity. 
t Bs is defined as the collector current almost immediately available on closing the collector circuit, per unit steady base current. 


Tentative Characteristic Curves of Ediswan Mazda Transistors Types XA151 and XA152 
| T T T l l T 
VARIATION OF STATIC CURRENT AMPLIFICATION (DC) | 
WITH COLLECTOR CURRENT COMMON EMITTER CONFIGURATION 
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of 20dB up to a maximum of 20V peak. 

The basic generator employs a motor 
driven capacitor to modulate a high 
frequency signal. The modulated signal 
is then rectified and amplified to pro- 
vide the very low frequency output. The 
advantages of this modulated carrier 
system over more conventional v.Lf. 
oscillators are briefly as follows. 

Firstly, since changing frequency is 
accomplished simply by changing motor 
speed, no delay due to long time-con- 
stants is involved. Secondly, accurate 
monitoring of the frequency of the out- 
put signal is obtained easily by 
measuring the motor speed with a tacho- 
meter circuit—the result being indicated 
on a 6in meter on the front panel. 
Thirdly, the output level can be accur- 
ately set instantaneously (by altering the 
carrier level) instead of being delayed 
for the usual period of several cycles. 

Fourthly, the purity of waveform and 
stability of output voltage are indepen- 
dent of frequency, and no critical adjust- 
ment of oscillator feedback is required 
to produce a satisfactory waveform at 
the lowest frequencies. Fifthly, the 
system enables a variable phase output 
to be obtained with a high degree of 
phase accuracy and stability. Since the 
variable phase control alters the physical 
phase relationship of pick-up stators on 
the modulating capacitor, its accuracy 
and calibration are completely indepen- 
dent of frequency. 

EE 29755 for further details 


TRANSISTORIZED D.C. TRANS- 
FORMERS 


Aveley Electric Ltd, Agron Road, Aveley Indus- 
trial Estate, South Ockendon, Essex 


(Illustrated below) 
These d.c. to d.c. convertors may be 
used as a direct replacement for rotary 
generators and vibrator power packs. 
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They are available in a range of ratings 
from 5 to 120W with supply voltages 
from 6 to 24V d.c. The output voltage 
is standardized at 300V d.c. with tap- 
pings at 200 and 250V. 

Toroidally. wound transformers with 
H.C.R. square loop core materials are 
used and bifilar winding is employed to 
provide accurate balancing for symmet- 
rical and fast switching of transistors. 

All units are fully protected by fuses 
and relays and top grade components 
are used throughout. 


EE 29 756 for further details 


H.V. PULSE GENERATOR 


Lunartron Electronics Ltd, Leighton Road, 
Dunstable, Bedfordshire 


(illustrated below) 


The Lunartron high voltage pulse 
generator is a high voltage single pulse 
source capable of producing a positive 
or negative output. It was primarily 
designed as a trigger unit to promote 
discharge in a spark-gap light source for 
Schlieren or Shadowgraph optical 


systems. It has also useful application 
as a trigger source for Xenon-filled flash 
tubes, and for pulse firing suitable mer- 
cury vapour lamps. 

The output pulse is approximately 
18kV, under open-circuit conditions, and 
rises to a peak in 30usec. 

Three methods of triggering are in- 
corporated: 

(1) Manually, by pressing the spring- 
loaded switch mounted on the 
front panel. 

(2) Supplying the input with a positive 
pulse or square wave. 

(3) Shorting the input socket with a 
switch, e.g. camera flash syn- 
chronizing contacts. 

Repetition firing at up to 20c/s is per- 

missible. 
EE 29 757 for further details 


LATCHING RELAY 


Distributed by: D. Robinson & Co. Ltd, Gun- 
nersbury House, 717 London Road, Hounslow, 
Middlesex 


(Illustrated above right) 


Clifford & Snell Ltd have just added 
to their standardized plug-in relay. sys- 
tem a latching relay with electrical re- 
lease. It can be regarded as a bistable 
or ‘memory’ relay as a short pulse to 
the main coil results in a change in the 
contact positions that persists until a 
pulse is given to the release coil. 
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Both coils are continuously rated and 
can be operated from d.c. or ac. Up 
to three changeover contacts or five pairs 
of make or break contacts can be fitted 
and all materials, including the trans- 
parent cover are non-inflammable and 
fully tropical. 

EE 29758 for further details 


MASS SPECTROMETERS 


Instruments Ltd, 145 Grosvenor Road, 
London S.W 


(Illustrated below) 


Leland 


A new series of mass spectrometers 
manufactured by the Compagnie Fran- 
caise Thomson-Houston for the deter- 
mination of the exact proportions of the 
constituents of a gaseous mixture within 
the 2 to 150 mass range is now avail- 
able in the United Kingdom through 
Leland Instruments Limited. 

This TH.N.202 series, employing inter- 
changeable permanent magnets, includes 
three models: the TH.N.202 D, which is 
specifically designed for the separation 
of a pair of molecules of similar mass 
and is based on ‘ double collection’; the 
TH.N.202 SD, which features, in addi- 
tion, an electrostatic scanning device 
allowing single collection spectrum 
recording and may be switched instan 
taneously to either single or double col- 
lection; the TH.N.202S, which features 
purely single collection and spectrum 
recording by electrostatic scanning. At 
any time the models 202S and 202D 
may be converted into the TH.N.202 SD 
by the addition of elements in spaces 
provided. 

The interchangeable permanent mag- 
nets with fields of 835, 1560 and 3 150 
gauss cover the mass ranges 2 to 8, 8 to 
32 and 30 to 100 respectively, and any 
other combination of magnets to cover 
mass ranges up to 150 can be supplied 
on request. 
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Using double collection, the 202 spec- 
trometer may be used for precise 
measurements of isotopic ratios of 
gaseous or solid elements, for gas con- 
centration measurements in binary mix- 
tures, for Deuterium measurements in 
H,. HD or HD,D, and for Tritium in 
HT,T, mixtures, etc. 

Employing single collection the appro- 
priate model may be used for automatic 
continuous analysis of the spectrum of 
one of the three mass ranges 2 to 8, 8 
to 32, and 30 to 100 (and up to mass 
150 on request), for automatic analysis 
of predetermined masses by high voltage 
switching and, if required, for the con- 
tinuous and automatic recording of the 
concentrations of specified gases. 

Housed in a monobloc unit the TH.N. 
202 spectrometers include two assemblies 

the separator assembly comprising ion 
source, analyser tube, magnet, two target 
collector, pumping system, power sup- 
plies and safety devices; and the elec- 
ttonic measurement assembly comprising 
two linear amplifier chains, h.t. power 
supply and (in the S and SD models) a 
spectrum recorder, automatic spectrum 
scanner and, on request, automatic h.t. 
and sensitivity switching for measuring 
predetermined masses. 

These spectrometers are capable of 
detecting a concentration of a specific 
isotope of as little as 0-1 part per mil- 
lion and have a resolving power of 50, 
which can be increased if required. 

EE 29759 for further details 


SURFACE FINISH TESTER 


Payne Products International, Buckingham 
Avenue, Trading Estate, Slough, Buckinghamshire 


(illustrated below) 


A new version of the ‘ Diavite Micro- 
tester” surface finish measuring instru- 
ment has recently been introduced. 

The improved version of the instru- 
ment now provides a meter reading 
which, by push-button selection, in- 
dicates any one of the following values: 

(1) R, (centre line average). 

(2) R, (maximum height 

from mean centre line). 

(3) Ryax (maximum depth of scratches, 

peak to valley). 

Although British Standard 


of profile 


1134:1950 
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stipulates the use of the centre line 
average system, the ability to determine 
the Ri»ax Value is of considerable value 
when it is necessary accurately to deter- 
mine the surface damage of the work. 
For example, in transistor manufacture, 
where etching is used to remove all 
traces of surface damage from semi- 
conductor slices, it is possible to predict 
the depth to which etching must be 
carried out. 

The instrument continues to cover the 
range 0 to 300uin with three available 
‘cut-off’ lengths (waviness limited) of 
003, ‘010 and -030in. 

Various types of tracer heads are avail- 
able for measuring flat surfaces, spheri- 
cal surfaces, bores, tooth flanks, ball 
races, etc. The standard instrument is 
fitted with a stylus head of 4mm stroke 
length. A special model is obtainable 
providing three alternative stroke lengths 
between 1 and 2mm. 


EE 29 760 for further details 


PRINTED CIRCUIT TERMINALS 


G. H. Garland & Co. Ltd, 101-105 Nibthwaite 
Road, Harrow, Middlesex 


(Illustrated above) 

The C.29 printed circuit terminal clips 
into the standard pierced holes in printed 
circuit boards and is self-retained prior 
to the soldering operation. After being 
soldered into the circuit, the convenient 
eye of the terminal is available for con- 
necting by conventional methods those 
components which might otherwise be 
damaged by the excessive heat of mass 
soldering techniques or unnecessary 
handling. The insulating bead is of 
ceramic material. 

EE 29761 for further details 


TRANSISTOR OSCILLATOR 


Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


(Illustrated above right) 


The new Solartron RC _ oscillator 
CO 1008, based o1 an original design 
by the Royal Radar Establishment, 
covers a frequency range of 2c/s to 
200kc/s. Frequency may be set ‘o an 
accuracy of +5 per cent with the fine 
control dial, and is held to within 2 
per cent of the set frequency over an 
eight-hour period. 

The output, which is continuous! 
variable up to 1V amplitude, contains 
less than 0-25 per cent total harmoni 
distortion above 100c/s and less tha: 
1 per cent below 100c/s. 

The CO1008 uses the virtual ear‘h 
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technique employed in computing ampli- 
fiers to provide very stable characteris- 
tics. Frequency control is by resistive 
tuned Wien network and an amplitude 
stability of +2 per cent is achieved by 
thermistor feedback. 

The instrument weighs only 44 1b in- 
cluding the two 9V internal batteries, 
which have a life of three months based 
on four hours per day usage. 


EE 29 762 for further details 


REMOTE CONTROL EQUIPMENT 
Ltd, Mallard House, 
don W.C.1 


Mullard Equipment 
Torrington Place, 

Mullard Equipment Limited has in- 
troduced a new transistorized system for 
the remote control and surveillance of 
industrial plant and installations that are 
designed to function automatically, witb 
no on-the-spot supervision. 

The new system, which can be sup- 
plied built to users’ specific require- 
ments, gives facilities for remote control, 
remote indication and telemetering. 

It has been specifically designed to 
operate over standard 120c/s (50-baud) 
a.m. or f.m. voice frequency telegraph 
channels, which are freely available for 
renting at economic rates. Suitable exist- 
ing facilities, including v.f.t. systems of 
up to 24 channels may, of course, also 
be used. The system can be supplied 
with or without line filters for * split- 
ting-off’ part of a telephone circuit. It 
can, if required, be modified to operate 
over 200-baud channels. 

Over a_ single standard telegraph 
channel the system provides up to 150 
remote control signals from the master 
station to the controlled points; and in 
the reverse direction up to 156 remote 
indication signals or 12  telemetering 
channels, or combinations of both. Addi- 
tional telegraph channels, of course, 
multiply the number of facilities avail- 
able. 

The system is a digital one working 
on the time division multiplex principle 
and where mecessary, appropriate 

-digital convertors are incor- 
ted. 

lx the construction of the equipment, 
transistors and plug-in printed wiring 

ds are used extensively. 

EE 29 763 for further details 
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HIGH VOLTAGE RESISTORS 
Welwyn Electric Ltd, Bedlington, Northumberiand 
(Illustrated below) 

The resistance element in this new 
range of high voltage resistors is a modi- 
fication of the metal oxide material em- 
ployed in the Power Metox resistors, the 
reliability of which has been established 
over some years. The ruggedness of the 
element used in Power Metox is further 
improved by employing a_ substantial 
thickness. The element is firmly bonded 
to the surface of selected ceramic 
formers by a high temperature process, 
and is encased in silicone rubber. The 
dielectric strength of this material ex- 
ceeds S500V/mil., and the thickness is 
sufficient to provide full insulation at 
the working voltage of the resistor. 

The resistors are available with wire 
terminals or with threaded caps, as 
shown in the illustration. If they are to 
be used in vacuum or under high pres- 
sure, those with threaded caps should 
be specified, as they are designed to 


allow equalization of internal and ex- 
ternal pressures. 

These resistors are available in any 
value between 2M{&2 and 500M with 
a tolerance of +5 per cent and a maxi- 
mum operating voltage of 10kV d.c. or 
50kV pulse providing that the mean dis- 
sipation does not exceed IW. The 
stability on long-term continuous or 
pulse loading is better than 1 per cent. 


EE 29 764 for further details 


THERMOELECTRIC COOLING 
UNITS 
Salford Electrical Instruments Ltd, Magnet 
House, Kingsway, London W.C.2 
(Illustrated above right) 


The first of a range of thermoelectric 
cooling units has recently been intro- 
duced by Salford Electric Instruments, 
a subsidiary of the General Electric Co. 
Ltd. 

Based on the Peltier effect, the cooling 
capacities of the units vary from less 
than IW for a single junction type to 
more than 10W for a large multiple 
junction. They thus cover a range which 
cannot be conveniently dealt with by 
conventional means of refrigeration. 

The first of the group to be readily 
available is the BT.4, a four-junction 
unit with a cooling capacity rated nomin- 
ally at 1W. 

The BT.4 is made in the shape of a 
small cube, and thermal junctions are 
formed by a combination of ‘p’ and ‘n’ 
types of a bismuth telluride semicon- 
ductor material. In use, the block is 
clamped between the object to be cooled 
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and a heat sink. Typical of its many 
applications is the cooling of electronic 
components which must operate in high 
ambient temperatures, when it serves to 
increase the power ratings of transistors, 
reduce the dark current in phototransis- 
tors, or—in the case of quartz crystals— 
to allow operation at the inversion point 
or other selected part of the frequency 
deviation/temperature characteristic. 


EE 29 765 for further details 








HIGH CAPACITANCE DISK 
CAPACITOR 
Erie Resistor Ltd, 1 Heddon Street, London W.1 
(llustrated above) 


Erie have announced the introduction 
of a new style T ‘Transcap’ high 
capacitance low voltage miniature disk 
ceramicon, for coupling and by-pass 
applications in transistor circuits. Only 
0:594in in diameter and 0°156in in thick- 
ness, style T is initially available in a 
capacitance value of 0-‘5uF —20 per cent 
+50 per cent, with a working rating of 
3V d.c., and is the forerunner of a range 
of miniature low voltage ceramic dielec- 
tric disk capacitors. in various high 
capacitance values. 

EE 29 766 for further details 


NYLON SCREWS 


Flora Plastics Lid, Duke Street House, 415 
Oxford Street, London W.1 


(illustrated below) 

These nylon screws, which are avail- 
able in a range of sizes, have a number 
of features and advantages including: 

(a) At the head of the screw is a 


cross-slot similar to that of a normal 
screw, but not open at the ends. At the 
top of the head, and in an adjacent 
position to the shank, there is a narrow 
bore opening from the centre of the 
cross-slot (see photograph). 

The screwdriver recommended for 
use with this screw is similar to a nor- 
mal screwdriver, but has a spigot pro- 
jecting from the centre of its blade which 
fits into the central bore of the screw. 
Thus the screwdriver can act as a Car- 
rier for the screw while the hole is 
being located. 

(b) With this screw a _ self-threading 
action is obtained, so that a firm engage- 
ment is ensured and the screw will not 
vibrate loose. 

(c) Being a moulded plastic material, 
the screw can be made to match any 
colour required. 

(d) Nylon is completely free from the 
risk of corrosion. 

(e) Nylon is an excellent insulator. 


EE 29 767 for further details 


SYSTEM SIMULATOR 
Feedback Lid, Crowborough, Sussex 
(illustrated above) 


The system simulator type SSI10 
manufactured by Feedback Ltd, an asso- 
ciate company of Servomex Controls 
Ltd, is intended for experimental work 
on analogue and simulator techniques. 
It can simulate a wide range of systems 
described by linear second-order differen- 
tial equations. 

The apparatus may be operated in 
real time, and the bandwidth of the am- 


‘plifiers is such that the repetition rate 


may be raised to mains frequency. 

The simulator contains six amplifiers, 
eight interconnecting units of three basic 
types to provide transfer functions, a 
square-wave unit for repetitive transient 
response tests at noise frequency, and is 
complete with stabilized d.c. power sup- 
plies. 

It has been designed to meet the needs 
of those for whom precision analogue 
computing equipment is inappropriate 
and expensive but who desire to make 
use of related techniques for general 
laboratory use and obtain accurate re- 
sults at a reasonable price. 


EE 29 768 for further details 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


London Meetings 
Unless otherwise stated, all meetings will be held 
at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, 
W.C.1, and will start at 6.30 p.m. 
Date: 4 January. 
Lecture: Automatic Techniques in Civil Air Line 
ae ee Systems. 
W. E. Brunt. 
fie 25 January. 
Lect : Noise Correlation Measurements. 
By K. R. McLachian. 
Southern Section 
Date: 24 January Time: 
Heid at: Posuborongh Technical Co 
Lectere: Masers and Parametric Am 
By: W. A. Gambling. 
South Midlands <r 
Date: 26 January Time: 
Held at: Winter Gardens, Malvern. 
Lecture: Stereophonic Broadcasting. 
By: G Browne. 
South Wales a 
11 January 6.30 p. 
Welsh sh College of Po nal Tehesiee, 


7 p.m. 


ifiers 


7 p.m. 


Date: 
Held at: 
Cardiff. 
Lecture: The Measurement of Ionizing Radiation. 
By: R. G. Wood. 
West Midlands —= 
Date: 11 January. 
mead st: The Wolverhampton ye x Tech- 
nology. 
Lecture: An Equi a for Automatically Pro- 
one Time-M' Po mye Data. 
By: N. Purnell and ‘a , 2 
North Eastern "Section 
Date: 11 January. Time: 6 p 
Held at: Institution of — and Mechanical 
, Neville Hall, Westgate Road, New- 
eastle u Tyne. 
Lecture: Applications of Photomultipliers in 
Industry and rch. 
By: J. Hambleton 
Merseyside Section 
Date: 18 January. Time: 7 p.m. 


Held at: The Adeighi Hotel, Liverpool. 


By: H. G. Manfield. 

Scottish Section 
Date: 11 January. Time: 7 p.m. 
Held at: Department of Natural ye G The 


my Street, 
Lecture: A Survey of Microwave a 
By: C. R. Russell. 


BRITISH SOUND BROADCASTING 
ASSOCIATION 


Date: 20 January. Time: 7.15 p 

Held at: Royal Society of Arts, John yo 
Street, Adelphi, London, W.C.2. 

Lecture: Modern static Microphones. 
By: F. W. O. Bauch. 


THE INSTITUTE OF NAVIGATION 


Date: 20 Januar. Time: 5.15 p.m. 

Held at: The Roval Geographical Society, 1 Ken- 
sington Gore, London, S.W.7. 

cases: Presentation of Height Information in 


ircraft. 
By: A. Stratton and K. BR. Honick. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

All meetings will be held at Savoy Place. com- 

mencing at 5.30 p.m. unless otherwise stated. 

Date: 5 January. 

Lecture: The no eae of Electronics to the 

ee 


Electronics and Communications Section 
Date: 8 January. 
Lecture: Recent Research in Thermionics. 
By: G. H. Metson. 
Date: 25 January 
Lecture: Generation and Amplification in the 
— Wave Pield 
E. Willshaw 





i rement. 
. H. Rayner and A. Felton. 
Im ts in the Precision Measure- 
pacitance. 
By: sy 9 et be 
of an Audio-Frequency 
Amplifier for Thee Precision Voltage Measure- 


—_ of 
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By: S. Harkness and F. J. 
Lecture: The Design and eo of High- 
Precision Audio-Frequency Current § Trans- 


formers. 

By: J. J. Hill and A. P. Miller. 

Lecture: Techniques for the Calibration of Stan- 
dard Current Transformers up to 20kc/s. 

By: J. J. Hill. 

Date: 24 January. 

Lecture: Machine-Tool Control. 

By: E. H. Frost-Smith. 


Utilization Section 
Date: 12 January. 
Lecture: A new Form of Crane-Hoist Control 
using a 3:1 Pole-Changing Induction Motor. 
By: O. L. Butler and V. 


Supply Section 
Date: 18 January 
Lecture: A General Method of Digital Network 
Analysis particularly suitable for use with Low- 
Speed Computers 
By: M. N. John 
Lecture: Digital Computers in Power System 


is. 
By: P. P. Gupta and Professor M. W. Hum- 
phrey Davies. 


Southern Centre 
Date: 4 January. Time: 7 p.m. 
Held at: The University, Southampton. 
Lecture: The Planning and Economics of Tele- 
communication Plant. 

By: C. J. Stubbington. 
Date: 10 January. Time: 6.30 p.m. 
Held at: The University, Southampton. 

ure: New Semi-Conductor Devices. 
Date: 11 January. Time: 6.30 p.m. 

: The Technical College, Brighton. 

a Trends in Electric Motor Controls. 

S. H. Hardin; 


: Time: 6.30 p 
Held at: The South Dorset Technical PSoillege, 
Weymouth. 
Lecture: Electronic Aids to Banking and Com- 
ane. 


By: Feinberg. 
Date: wT Jan Time: 6.15 p.m. 
id at: The Technical College, Farnborough 
Lecture: Modern Ferromagnetic Materials. 
By: F. Brailsford. 
North-Eastern Centre 
Date: 9 Janua Time: 6.15 p. 
Held at: The ville Hall, Westgate Road. _— 
castle ~~ Tyne. 
Lecture Application of Electronics to the 
Electricty Supply Industry. 
By: J. S. Forrest. 


North-Eastern Measurement and pages Group 
All the following meetings will be held at the 
Rutherford College of Technology, Northumber- 
land Road, Newcastle upon Tyne, at 6.15 p.m. 
Date: 16 January. 
ure: Precision Measurement. 

By: G. H. Rayner and A. Felton. 

Date: 16 January 

Lecture: = -anuaaaama in the Precision Measure- 

of Capacitan: 
By: C. H. toner and L. H. Ford. 


es 16 goumeey. 
Design of an Audio-Frequency 
Metin t for High-Precision Voltage Measure- 
~s 
By: Harkness and F. J. Wilkins. 
Date: 16 ae, 
and Performance of High- 
e ~ e Audio-Frequency Current Transfor- 


mers. 
By: J. J. Hill and A. P. Miller. 
Date: 16 January. 
Lecture: Techniques for the Calibration of Stan- 
dard Current Transformers up to 20kc/s. 
y: J. J. Hill. 


North Midland Cenire 
Date: 3 January. Time: 6.30 p.m 
Held at: Leeds and County Conservative Club, 
South Parade, Leeds 1. 
Lecture: Water-Turbine-Driven Induction Motors. 
By: C. L. C. Allan 
Date: 26 January. Time: 
: The Town Hall, Leeds. 
Faraday Lecture on Transistors and 


That. 
: L. J. Davies. 
eee Centre 


Date: 9 Jan Time: 6 p.m. 
Held at: The South Wales Institute of Engineers, 


Lecture: Brushless Variable-Speed 
otors. 

By: E. R. Laithwaite. 

North Midland 

17 January. 


7 p.m. 


Induction 


Utilization Group 


Date: Time: 6.30 p.m. 


Held at: Leeds and County Conservative Club, 
South Parade, Leeds 1. 
Lecture: The Characteristics and Protection of 
Semiconductor Rectifiers. 
By: D. B. Corbyn and N. L. Potter. 
Sheffield see Oe 
Date: 4 January 
Held at: The City Hall, Sheffield” 
Lecture: Colour Television. 
By: R. Feinberg. 
Date: 18 January 
a The M Memorial Hall, City Hall, 


Lecture: The Application of Electronics to the 
as ee’ Supply Industry. 
By: J. S. Forrest. 
North-Western Centre 
Date: 10 January Time: 6.15 p.m. 
Held at: The Engineers’ Club, Manchester. 
Lecture: Radiocommunication in the Power In- 


dustry. 
By: E. H. Cox and R. E. Martin. 
North-Western Measurement and Control — 
Date: 17 January. Time: 6.15 p 
Held at: The Engineers’ Club, Alber’ 


Manchester. 
Non-Linear Filter, Pre- 


Lecture: A Universal t 
dictor and Simulator, which Optimizes itself 
W. P. L. Wilby and 


3 p.m. 


Shef- 


by a Learning Process 
By: Professor D. Gabor, 
R. Woodcock, 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: 24 January. Time: 5 p.m. 

Held at: The Institution of Electrical Engineers 
Savoy Place, Victoria Embankment, 

Lecture: Switching with Transistors 

By: J. A. T. French and D. J. Harding 


THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 


London wae > 
Date: 31 January p.m 
Held at: Manson House, 6 "Portland Place, 
London W.1. 

Lecture: A New Method of Strip Speed Measure- 
ment using Random Waveform Correlation. 
By: M. A. Butterfield, G. F. Bryant and J 

Dowsing 


Cc 

Date: 26 January. 

Held at: Lecture Theatre, Administration Build- 
ing, The Associated Ethyl Company Ltd., Oil 
Sites Road, Ellesmere Port, Wirral. 

Lecture: Satellite Instrumentation. 

By: R. C. Jennison 


East Midland a 
Date: 19 January. Time: 7.15 p 
Held at: Nottingham & District Technical Col- 
lege, Burton Street, Nottingham 
Lecture: The Electrical Syatheses of Music 
By: A. Douglas and M. Amer. 


Fawley Section 
Date: 6 January Time: 5.30 p.m. 
Held at: The Administration Building, 
Refinery, Fawley 
Lecture: Electronics and Instrumentation in the 
Glass Industry. 
By: J. R. Beattie. 
ee Section 
Date: 12 Janua Time: 7 p.m 
Held at: M.A. N W.E.B. Industrial Development 
Centre, Liverpool 
Lecture: Load Cells 
By: J. M. Hook. 


Newcastle Section 
Date: 19 January. Time: 7 p.m 
Held at: The Conference Room, Roadway 
House, Oxford Street, Newcastle upon Tyne 1. 
Lecture: Recent Advances in Photo-Electronic 
Instruments 
By: H. Loebl. 
South Wales Section 
Date: 25 January Time: 6.45 p.m 
Held at: Welsh College of Advanced Techno- 
logy, Cardiff. 
Lecture: The Fire and Explosion Hazard of 
Intrinsically Safe Instrumentation. 
By: S. J. Emerson. 
Tees-side Section 
Date: 24 January. Time: 7.30 p.m. 
Held at: Cleveland Scientific and Technical Insti- 
tute, Corporation Road, Middlesbrough. 
Lecture: The Experimental Investigation of 
Space. 
By: Dr. P. J. Bowen. 


THE TELEVISION SOCIETY 


Date: 13 January. Time: 7 p.m. 

Held at: Cinematograph Exhibitors’ Association, 
164 Shaftesbury Avenue, W.C.2. 

Lecture: A Wide Range Standards Convertor. 

By: E. R. Rout and R. F. Vigurs. 


Esso 
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FOR INSTRUMENT TUBES 


ICP3!I 
Monitor 


3AFP31 
General 


Purpose 


check with the 








SBVP3IAT SCLP3I 
3AZP31] 3BLP3! S5BKP3!i | SBUP3I High High 


Double | Transistor Helical General il ; 
* ; Writing Sensi- 
Gun Driven P.D.A. Purpose Speed tivity 





X sensitivity ... (V/cm) 


Screen diameter (mm) 


SCREEN TYPES: 


Medium persistence... 
Long afterglow 

Blue photographic 
Short persistence 





Yes 
No 
To order 
To order 





1.0 
1.0 


55 


55 
20 
71 


Yes 
Yes 
To order 
No 





1.5 0.3 ; * 1.4 2.0 1.5 1.5 
1.5 0.3 ‘ 1.8 2.0 4.0 1.5 
— 1.5 . . 4.0 4.0 8.0 15 
_— _ 10 a - 15 
70 50 60 95 95 60 
16 3.0 12.5 35 2.7 
90 70 95 100 
23 5.0 26.5 57 11.2 
94 78 137 


Yes Yes Yes Yes Yes 
To order Yes To order | To order | To order 
To order To order | To order | To order | To order 

No To order No No To order No 





























Brief details of the range and typical 
operating characteristics are given here— 
for full data please use the coupon adjoining. 


ETEL 


Electronic Tubes Limited 
Kingsmead Works - High Wycombe - Bucks 
Telephone : High Wycombe 2020 
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* Dota is given for each gun. 


SRSSESRERSERESESSE SERRE ERESSee eee eee 
Please send me data on the types ticked 


4LP3i [ | 
SBKP3I | | 

.3AZP3i [ | sBuP3I| | 
3BLP3i | | SBYP3IA | | 
4ep3i{ | SCLP3I| | 
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° 
hat is the difference... between 2dB and 18dB of treble boost, 
according to these bright engineers at the G.E.C. Semiconductor Applications Laboratory. Finding 
new applications for semiconductors, testing the number of new devices constantly being added 
to the already extensive G.E.C. range, these scientists are part of a group breaking new gro 
electronics. The results of their work are available in the G.E.C. Semiconductor Data Service 


keeps subscribers posted with technical information and application reports on G.E.C. semi 


devices. Ask for an application form. 


SEMICONDUCTORS 


VISIT US AT THE PHYSICAL SOCIETY EXHIBITION 
STAND 130 NEW HORTICULTURAL HALL— 
JANUARY 16th—20th 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


ISOLATEUR D’ANTENNE 
Egen Electric Ltd, Charfleet Industrial Estate, 
Canvey Island, Essex 
(Illustration a la page 52) 

L’isolateur d’antenne type 364 cons- 
titue une nouvelle réalisation dans la 
série des composantes Egen. Ce dispositif 
assure l'isolation d’antenne des récep- 
teurs télévision c.c./c.a. sous forme d'un 
élément compact et solide se conformant 
pleinement aux conditions individuelles 
de la Norme britannique B.S.415. Les 
pertes d'insertion sont fort réduites et sa 
spécification électrique assure des résul- 
tats maximum a toutes les fréquences 
envisagées pour les récepteurs d’intérieur. 

Il est enti¢rement coaxial et avec 
blindage complet du conducteur inté- 
rieur. L’inductance série du condensateur 
d’alimentation dans le conducteur exté- 
rieur est trés basse, tandis que la 
capacité d’alimentation est de 470pF 
pour les deux conducteurs, contrdélés 
pour une tension continue de 3 kV. 

L’isolateur est prévu pour montage 
direct sur chassis ou support a part, et 
il peut étre fourni avec n’importe quelle 
longueur voulue de cable coaxial, déja 
fixé pour étre branché sur le circuit 
d’entrée du récepteur. La prise extérieure 
recoit une fiche coaxiale courante, con- 
forme a la spécification du R.E.C.M.F. 


EE 29751 pour plus amples renseignements 


KLYSTRON BANDE IV 


English Electric Valve Co. Ltd, Chelmsford, 
Essex 


(Illustration a la page 52) 

La English Electric Valve Co. Ltd., a 
commencé la production du_ klystron 
d’'accord a grande puissance 4kM 
50,000LA fournissant une sortie d’onde 
entretenue non inférieure 4 10 kW pour 
une efficacité de 40%. 

Construit par la English Electric Valve 
Co. Ltd., a partir des données fournies 
par Eitel McCullough Inc., U.S.A., ce 
tube fonctionne sur 400-610 MHz et il 
est accordé mécaniquement au moyen dle 
cavités extérieures. 

Il fait usage d'une anode de modu- 
lation isolée permettant la modulation 
d’amplitude et la modulation par impul- 
sions de la sortie sans changer la ten- 
sion du faisceau. Cette anode assure la 


JANUARY 1961 


soires et instruments d’essai 


protection nécessaire lorsqu’elle est reliée 
au corps du klystron par une résistance 
élevée. Le faisceau électronique est mis 
au point par électro-aimants, tandis que 
le dispositif de concentration, les. cavités 
daccord et les coupleurs de charge 
réglables pour la deuxi¢me et la 
troisieme cavité, ainsi que pour la cavité 
de sortie, sont tous fournis a part. Les 
connexions HF des cavités sont co- 
axiales. 

En maintenant les cavités d’accord 
complétement extérieures 4 l’enveloppe 
de vide, on limite les frais de remplace- 
ment au terme de la durée du tube a ce 
dernier seul. Des opérations répétées 
d’accord peuvent se faire sans fatiguer 
ou endommager le tube, de sorte que 
le dispositif d’accord extérieur assure 
non seulement la souplesse du _ fonc- 
tionnement mais réduit aussi les risques 
de panne. 

Le klystron 4KMS50,000LA convient 
également aux émetteurs de télévision Je 
la Bande IV, en particulier les stations 
locales de télévision desservant des 
petites régions trés peuplées, car les frais 
d’entretien et de remplacement sont 
réduits au minimum. 


EE 29 752 pour plus amples renseignements 


INDICATEURS A CADRAN 


Ketay Ltd, Eddes House, Eastern Avenue West, 
Romford, Essex 


(Illustration a la page 52) 


La Société Ketay Ltd., une filiale du 
Groupe Plessey, vient d’ajouter a sa pro- 
duction deux indicateurs 4 rebord carré, 
solides et précis, pour la présentation ou 
la répétition de données angulaires ou 
linéaires. 

Le nouvel indicateur de base a un 
cadran de 70 mm de diamétre et fonc- 
tionne par transmission synchrone c.a. 

L’étalonnage courant de Il’échelle va 
de 0 & 3607° par intervalles de 27°, mais 
une variante de cette échelle peut étre 
fournie sur demande sans frais supplé- 
mentaires. Des récepteurs de couple 
synchrone Ketay, bien amortis et du 
format 11,15 ou 18, sont utilisés, de 
sorte que l’aiguille n’a qu'une trés courte 
durée de calage. Le degré normal de pré- 
cision est de +1°. En plus de ces récep- 
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Traduction des pages 52 4 55 


teurs de couple synchrones, des trans- 
metteurs de couple synchrones Ketay 
peuvent étre fournis pour le fonctionne- 
ment a 50,60 ou 400Hz. En outre, des 
transmetteurs spéciaux sont fournis en 
cas d utilisation de plusieurs indicateurs 
4 partir d'un seul transmetteur. 

Pour Tindication précise/approxima- 
tive, une version a rebord carré de 
190,5mm est en cours de production. 
Cette derni¢re comprend deux disposi- 
tifs de couple synchrones du format 18, 
fonctionnant en liaison avec un bloc 
transmetteur a réglage précis/approxi- 
matif. 
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SOURCES FROIDES 


Marston Excelsior Ltd, Fordhouse, Wolver- 





(Illustration a la page 52) 


L’usage considérablement accru des 
transistors de puissance et des dispositifs 
semi-conducteurs connexes a _ rendu 
nécessaire la création de moyens de re- 
froidissement efficaces mais peu cofteux. 
Pour répondre a ce besoin, la Société 
Marston Excelsior Ltd., dont la contri- 
bution a l'industrie électronique s'est 
concentrée jusqu’ici dans la fabrication 
d’échangeurs thermiques spécialisés pour 
l'équipement de bord, a maintenant 
réalisé des sources froides de concep- 
tion standard et a refroidissement par 
convection d’air naturelle. Des quan- 
tités limitées des deux premiers modeéles 
peuvent étre obtenues actuellement. Il 
s’'agit du modéle | A seize ailettes, dont 
la resistance thermique nominale est 
de 13° C/W, et du modéle 2 a huit 
ailettes dont la resistance thermique 
nominale est de 24° c/w a lair libre. 


EE 29 754 pour plus amples renseignements 


GENERATEUR DE SIGNAUX TRES 
BASSE FREQUENCE 
Airmec Lid, High Wycombe, Bockinghamshire 
(Illustration a la page 53) 

Le générateur de signaux trés basse 
fréquence type 257 fonctionne dans la 
gamme de fréquences allant de 0,03 a 
30 Hz et fournit simultanément, quatre 
signaux de sortie de méme phase. 
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Le signal de sortie normal peut étre 
contrélé de facon continue de 500 “V a 
50 V de créte au moyen d’atténuateurs 
en escalier et a fil 4 contact glissant. Les 
sorties de référence et de quadrature 
fournissent des signaux a niveau fixe 
(12 V), se prétant a la mesure des phases, 
la sortie de référence étant en phase avec 
la sortie normale et la sortie de quadra- 
ture étant en arriére de 90°. Une quat- 
rime sortie 4 phase variable donne “n 
signal 4 réglage continu en phase (par 
rapport 4 la sortie normale) au moyen 
d’une commande sur le panneau frontal 
étalonné de 0 a 360°. Le signal peut 
également étre réglé en amplitude dans 
une gamme de 20dB jusqu’A un maxi- 
mum de 20 V de pointe. 

Le générateur de base utilise un con- 
densateur actionné par moteur pour 
moduler un signal de haute fréquence. 
Le signal modulé est ensuite redressé et 
amplifié pour fournir la sortie de trés 
basse fréquence. Les avantages de ce 
systtme a fréquence porteuse modulée, 
par rapport aux oscillateurs 4 trés basse 
fréquence de conception plus commune 
sont, bri¢vement, les suivants: 

En premier lieu, vu que le changement 
de fréquence se fait simplement en 
changeant la vitesse du moteur, nul retard 
dQ aux constantes de temps prolongées 
ne peut étre causé. En second lieu, 'e 
contréle précis de la fréquence du signal 
de sortie s’effectue facilement, en 
mesurant la vitesse du moteur avec in 
circuit & tachymétre, le résultat étant 
indiqué sur un appareil de mesure de 
15cm sur le panneau frontal. En trois- 
i¢me lieu, le niveau de sortie peut étre 
fixé instantanément et avec précision, en 
modifiant le niveau de la porteuse au 
lieu de le retarder de la durée habituelle 
de plusieurs cycles. 

En quatri¢me lieu, la pureté de la 
forms d’onde et la stabilité de la tension 
de sortie ne dépendent pas de la fré- 
quence et nul réglage critique de la 
réaction oscillatrice n’est nécessaire pour 
produire une forme d’onde satisfaisante 
aux plus basses fréquences. Enfin, le 
systéme permet d’obtenir une sortie de 
phase variable avec un haut degré de 
précision et de stabilité de phase. Etant 
donné que la commande de phase vari- 
able modifie le rapport physique de phase 
des stators de captage sur le condensateur 
de modulation, sa précision et son étalon- 
nage sont entitrement indépendants de 
la fréquence. 


EE_29 755 pour plus‘amples renseignements 


TRANSFORMATEURS TRANSIS- 
TORISES DE COURANT CONTINU 


Aveley Electric Ltd, Agron Road, Aveley Indus- 
trial Estate, South Ockendon, Essex 


(Illustration a la page 53) 

Ces convertisseurs de courant continu/ 
courant continu peuvent €étre utilisés 
pour remplacer directement les généra- 
teurs rotatifs et pour faire vibrer les 
blocs d’alimentation. [ls sont fournis 
dans une gamme de capacités nominales 
de 5 A 120 W, avec des tensions d’alimen- 
tation de 6 A 24V c.c. La tension de 
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sortie est normalisée 4 300 V c.c. avec 
prises & 200 et 250 V. 

Des transformateurs 4 enroulement 
toroidal, avec noyaux a antenne cadre 
H.C.R. et enroulement bifilaire, sont 
employés afin d’assurer un équilibrage 
précis pour la commutation rapide et 
symétrique des transistors. 

Tous les convertisseurs sont pleine- 
ment protégés par des fusibles et des 
relais, et des composantes de premiére 
qualité sont utilisées dans leur fabrica- 
tion. 
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GENERATEUR D’IMPULSIONS H.T 


Lunartron Electronics Ltd, Leighton Road, 
Dunstable, Bedfordshire 


(illustration a la page 53) 

Le générateur d’impulsions haute ten- 
sion Lunartron est une source d’impul- 
sions simples 4 haute tension, pouvant 
produire une sortie positive ou négative. 
Il est principalement concu comme élé- 
ment de déclenchement, afin de créer des 
décharges dans une source de lumiére 
dintervalle a étincelles pour systémes 
optiques Schlieren ou Shadowgraph. Il 
trouve également une application utile 
comme source de déclenchement pour 
tubes au Xénon ainsi que pour Il’amor- 
cage d’impulsions de lampes a vapeur 
de mercure. 

L’impulsion de sortie est d’environ 18 
kV dans des conditions de circuit ouvert, 
et elle s’éléve & une pointe en 30 usec. 

Trois méthodes de déclenchement sont 
prévues, soit: 

1. Manuelle, en pressant le commutateur 
a ressort fixe sur le panneau frontal. 

2. En fournissant une impulsion positive 
ou une onde carrée a I’entrée. 

3. En court-circuitant la prise d’entrée 
au moyen d’un interrupteur ou, par 
exemple, des contacts synchronisants 
d’éclairs de caméra. Un déclenche- 
ment a répétition allant jusqu’A 20 
Hz peut étre effectué. 


EE}29 757 pour plus"amples renseignements 


RELAIS DE VERROUILLAGE 


Distribue par: D. Robinson & Co. Ltd, Gun- 
aersbury House, 717 London Road, Hounslow, 
Middlesex 


(Illustration a la page 53) 


La Société Clifford & Snell Ltd., vient 
d’ajouter & son systéme de relais inter- 
changeables normalisés, un relais «le 
verrouillage 4 déclenchement électrique. 
Ce relais peut étre considéré comme un 
relais bistable ou “& mémoire” car une 
courte impulsion vers la bobine princi- 
pale résulte en un changement de posi- 
tion des contacts, persistant jusqu’a ce 
qu’une impulsion soit donné a la bobine 
de déclenchement. 

Les deux bobines sont A régime per- 
manent et elles peuvent étre utilisées sur 
courant continu ou alternatif. Ou peut 
fixer jusqu’é trois contacts de commu- 
tation ou cing paires de contacts repos- 
travail. Toutes les piéces, y compris 
l'enveloppe transparente, sont non-tn- 
flammables et enti¢rement tropicalisées. 


EE 29 758 pour plus amples renseignements 
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SPECTROMETRES DE MASSE 
Leland Instruments Ltd, 145 Grosvenor Road, 
London S.W.1 


(llustration a la page 53) 


Une nouvelle série de spectrométres «le 
masse, fabriqués par la Compagnie 
Frangaise Thomson-Houston pour déter- 
miner les proportions exactes des com- 
posantes d’un mélange gaseux dans la 
gamme de masse de 2 a 150, est main- 
tenant vendue dans le Royaume-Uni par 
Leland Instruments Ltd. 

Cette série TH.N.202, utilisant des 
aimants permanents  interchangeables, 
comprend trois modéles: le TH.N.202D, 
qui a été spécifiquement concu pour la 
séparation d'une paire de molécules 
d'une masse similaire et qui est basé sur 
le principe de “double captage,” le 
TH.N.202 SD qui comporte, en plus, un 
dispositif de balayage électrostatique per- 
mettant l’enregistrement spectral du 
“captage simple” et pouvant étre branché 
instantanément soit sur captage simple 
soit sur captage double, le TH.N.202.S, 
qui ne comporte que le captage simple 
et l’enregistrement spectral par balay- 
age électrostatique. Les modéles 202.S 
et 202.D peuvent étre transformés a 
n’importe quel moment en modéle 
TH.N.202.SD, en ajoutant les éléments 
voulus dans les espaces prévus a cet 
effet. 

Les aimants permanents interchange- 
ables &4 champ de 835, 1560 et 3150 
gauss, couvrent les gammes de masse de 
2 a 8, 8 Aa 32 et 30 a 100 respectivement. 
Toute autre combinaison d’aimants 
couvrant des gammes de masse allant 
jusqu’A 150 peut @étre fournie sur 
demande. 

Le spectrométre 202 & double captage 
peut étre employé pour la mesure pré- 
cise des rapports isotopiques d’éléments 
solides ou gaseuz, pour mesurer les con- 
centrations de gaz dans les mélanges 
binaires, pour mesurer le Deutérium dans 
le H2, HD ou HD.D2 ainsi que pour 
mesurer le Tritium dans les mélanges de 
HT.T2. 

Utilisant le captage simple, le modéle 
approprié peut étre appliqué a |’analyse 
automatique continue du spectre de I’une 
des trois gammes de masse 2 A 8, 8 a 32 
et 30 a 100 (et jusqu’A la masse 150 sur 
demande), pour l’analyse automatique de 
masses prédéterminees par commutation 
de haute tension et, le cas échéant, pour 
l'enregistrement automatique et continu 
des concentrations de gaz spécifiés. 

Logés dans un coffret monobloc, 'es 
spectrométres TH.N.202 se composent de 
deux ensembles, 4 savoir l'ensemble 
séparateur comprenant la source d’ions, 
le tube analyseur, l’aimant. deux cap- 
teurs de cible, un syst?me de pompage, 
des blocs d’alimentation et des disposi- 
tifs de sécurité, et l'ensemble de mesure 
électronique comprenant deux chaines 
d’amplification linéaire, une alimentation 
h.t. et (dans les modéles S et SD) un 
enregistreur de spectre, un balayeur 
automatique de spectre et, sur demande, 
un commutateur automatique de sensi- 
bilité et de haute tension pour la mesure 
de masses prédéterminees. 
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Ces spectrométres sont capables de 
détecter la concentration d'un isotope 
particulier de 0,1 partie d’un million et 
ils ont un pouvoir de résolution de 50, 
pouvant étre augmenté sur demande. 


EE 29759 pour plus amples renseignements 


CONTROLEUR DE FINISSAGE DE 
SURFACE 
Payne Products International Buckingh 
Avenue, Trading Estate, Slough, Buckinghamshire 
(Illustration a la page 54) 


Une nouvelle version de linstrument 
pour la mesure du finissage de surface, 
“Diavite Microtester,” vient d’étre pré- 
sentée. 

Ce nouvel instrument assure mainten- 
ant la lecture par bouton-poussoir. En 
pressant, en effet, le bouton approprié, 
Tune des valeurs suivantes peut étre 
indiquée: 

1. R, (moyenne de ligne centrale) 
2. R, (hauteur maxima du profil a par- 
tir de la ligne centrale moyenne) 

. Ryax (profondeur maxima des érail- 

lures, de la créte au creux). 

Quoique la Norme britannique 1134: 
1950 stipule Vemploi du systéme de 
moyenne de ligne centrale, la faculté de 
pouvoir déterminar la valeur R,,,, est 
d'une importance considérable lorsqu’il 
est nécessaire de pouvoir délimiter avec 
précision le dommage superficiel. Ainsi, 
dans la fabrication des transistors, ot le 
décapage a l’acide est utilisé pour en- 
lever toutes traces d’endommagement des 
tranches de semi-conducteurs, on peut 
prévoir la pénétration a laquelle le 
décapage doit se faire. 

Le nouvel instrument couvre, comme 
le précédent, la gamme de 0 a 300 A 
pouces, et il est doté de trois longueurs 
de coupure (ondulation limitée) de 0,003, 
0,010 et 0,030 pouces. 

Divers types de tétes de repéruge 
peuvent étre fournis pour mesurer es 
surfaces planes, les surfaces sphériques, 
les forures, les flancs de dents, les cages 
de roulements a billes, etc. L’instrument 
ordinaire est muni d'une téte de style 
d'une longueur de course de 4mm. 131 
existe, enfin, un modéle spécial assurant 
trois longueurs de course, de 1 4 2mm. 
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COSSES Df CIRCUIT IMPRIME 


G. H. Garland & Co. Lid, 101-105 Nibthwaite 
Road, Harrow, Middlesex 


(Illustration a la page 54) 


La cosse de circuit imprimé C.29 se 
fixe dans les trous de dimensions stan- 
dard des plaquettes de circuits imprimés 
et elle se tient par elle-méme avant le 
soudage. Aprés avoir soudé la cosse au 
circuit, l’aeillet de forme pratique de la 
cosse peut étre relié par les moyens 
habituels aux pitces qui, a défaut, 
seraient endommagées par la_ chaleur 
excessive dégagée par la soudure en série 
ou par toute manipulation superflue. La 
chenille d’isolation est en céramique. 


EE 29 761 pour plus amples renseignements 
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OSCILLATEUR A TRANSISTOR 


Solartron Lab y Instr ts Lid, Cox Lane, 
Chessington, Surrey 


(Illustration a la page 54) 





Le nouvel oscillateur résistance-capa- 
cité CO-1008, produit par la Société 
Solartron, est basé sur un dessin original 
du Royal Radar Establishment et il 
couvre une gamme de fréquences allant 
de 20 Hz a 200 kHz. La fréquence peut 
étre réglée jusqu’é un degré de précision 
de +5% sur le cadran de réglage précis, 
et elle peut étre maintenue 4 0,2% prés 
de la fréquence fixée pendant une période 
de 8 heures. 

La sortie, qui est A variation continue 
jusqu’a une amplitude de 1V, comporte 
moins de 0.25% de distorsion harmoni- 
que totale au dessus de 100 Hz et moins 
de 1% au dessous de 100 Hz. 

L’oscillateur CO1008 met en oeuvre 
la technique de mise a la terre virtuelle 
utilisée dans les amplificateurs de calcul 
pour assurer des caractéristiques trés 
stables. La commande de fréquence se 
fait par circuit de Wien a accord résistif, 
et une stabilité d’amplitude de +2% est 
réalisée par réaction a thermistance. 

L’instrument ne pése que 2kg. Ce poids 
comprend les deux piles intérieures de 
9V dont la durée est de 3 mois pour 4 
heures d'emploi par jour. 
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MATERIEL DE TELECOMMANDE 


Mullard Equipment Ltd, Mallard House, 
Torrington Place, London W.C.1. 


La Société Mullard Equipment Ltd., a 
mis au point un nouveau systéme tran- 
sistorisé pour la télécommande et le 
contréle d’installations et d’outillage in- 
dustriels prévus pour le fonctionnemeat 
automatique, c'est 4 dire sans surveil- 
lance aucune sur place. 

Le nouveau systéme, qui peut étre 
construit selon la spécification de lutili- 
sateur, permet la télécommande, le télé- 
affichage et la télémétrie. 

Il a été étudié tout particuli¢rement 
pour l'utilisation sur voies télégraphiques 
ordinaires, & fréquence vocale modulée 
en amplitude ou en fréquence de 120 
Hz (50 bauds), qu’on peut facilement 
louer a des taux rentables. On peut 
aussi, naturellement, faire usage de sys- 
témes appropriés existants, tels que ies 
systémes télégraphiques a fréquence 
vocale allant jusqu’A 24 voies. Le nou- 
veau systéme peut étre fourni avec ou 
sans filtres antiparasites, pour partager 
une partie d'un circuit téléphonique. II 
peut, si nécessaire, étre modifié pour 
emploi dans les voies & 200 bauds. 

Dans une voie télégraphique unique 
de type courant, le systéme fournit 
jusqu’é 150 signaux télécommandés de 
la station principale aux points com- 
mandés, et dans le sens inverse, jusqu’a 
156 signaux téléaffichés ou 12 voies de 
télémétrie, ou des combinaisons des 
deux. Des voies télégraphiques supplé- 
mentaires augmentent, bien entendu, le 
nombre des possibilités. 

Le systéme est numérique, travaillant 
selon le principe multiplex de transmis- 
sion successive des signaux et, le cas 
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échéant, des convertisseurs analogiques- 
numériques peuvent lui étre incorporés. 

Un emploi étendu a été fait, dans la 
construction de ce matériel, de transistors 
et de planchettes de circuits imprimés 
interchangeables. 


EE 29 763 pour pilus amples renseignements 


RESISTANCES A HAUTE TENSION 
Welwyn Electric Ltd, Bedlingtoz, Northumberiand 
(Illustration a la page 55) 
L’élément de résistance, dans cette 
nouvelle série de resistances haute ten- 
sion, constitue une modification de la 
matiére a oxyde métallique utilisée dans 
les résistances Power Metox dont la 
sécurité est établie depuis de longues 
années. La robustesse de l’élément utilisé 
dans les résistances Power Metox est 
redoublée par Iépaisseur accrue du 
nouvel élément. Ce dernier est ferme- 
ment aggloméré a la surface de car- 
casses en céramique soigneusement 
choisies, au moyen d’un procédé a tem- 
perature élevée, et il est habillé de 
caoutchouc au silicium. La puissance 
diélectrique de ce matériau dépasse 
500V/mil. et son épaisseur est suffisante 
pour assurer lisolation totale a la ten- 

sion de service de la résistance. 

Les resistances sont livrables & n’im- 
porte quelle valeur entre 2M2 et 500 M®, 
avec une tolérance de +5% et une ten- 
sion de fonctionnement maxima de 10kV 
c.c. ou de 50 kV d'impulsion, a condi- 
tion que la puissance moyenne ne dépasse 
pas 1W. La stabilité de charge prolongée 
continue ou d'impulsions est supérieure 
a 1%. 
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ELEMENTS DE REFROIDISSEMENT 
THERMOELECTRIQUES 


Salford Electrical Imstroments Lid, Magnet 
House, Kingsway, London W.C.2 


(Illustration a la page 55) 

La premiére série d'une gamme d’élé- 
ments de refroidissement thermoélectri- 
ques a récemment été présentée par 
Salford Electric Instruments Ltd, une 
filiale de la General Electric Co. Ltd. 

Ce éléments sont basés sur l'effet 
Peltier et leurs capacités de refroidisse- 
ment varient d'une valeur de tension n- 
férieure & 1W, pour le type A jonction 
simple, A une valeur supérieure & 10W 
pour le grand modéle A jonction mul- 
tiple. Ils embrassent donc une gamme 
qui ne pourrait étre aisément couverte 
par les moyens ordinaires de réfrigéra- 
tion. 

Le premier de ces éléments, qu’on 
peut déja obtenir facilement, est le BT.4, 
a quadruple jonction et avec une capa- 
cité de refroidissement d'une valeur 
nominale de 1W. 

Le BT.4 a la forme d'un petit cube, 
les jonctions thermiques étant effectuées 
par une combinaison de types “p” et “n” 
de matiére semi-conductrice au tellure de 
bismuth. Lorsqu'il est en _ service, 
l'élément BT.4 est bloqué entre l'objet 
devant étre refroidi et une source froide. 
L’une de ses nombreuses applications 
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caractéristiques est le refroidissement de 
piéces électroniques destinées a l'utilisa- 
tion dans des températures ambiantes 
élevées. Il contribue alors a augmenter 
la puissance nominale des transistors, a 
reduire le courant d’obscurité des photo- 
transistors ou—dans le cas des cristaux 
piézoélectriques—a permettre leur utili- 
sation au point d’inversion ou a tout 
autre point voulu de la caractéristique 
de température/déviation de fréquence. 
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CONDENSATEUR A DISQUE 
A HAUTE CAPACITE 
Erie Resistor Ltd, 1 Heddon Street, London W.1 
(Illustration a la page 55) 


La Société Erie Resistor Limited vient 
d’annoncer la réalisation d’un nouveau 
condensateur: T “Transcap” en cérami- 
que & disque miniature de basse tension 
et & haute capacité, destiné aux appli- 
cations de couplage et de dérivation dans 
les circuits & transistors. N’ayant que 
0,594” de diamétre et 0,156” d’épaisseur, 
le condensateur style T “Transcap” est 
actuellement doté d'une valeur de 
capacité de 0,5 uF —20% +50%, avec 
une valeur nominale de travail de 3 V 
c.c. et il est le précurseur d’une série de 
condensateurs miniatures de basse ten- 
sion & disque diélectrique en céramique, 
de diverses valeurs de capacité élevée. 
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VIS EN NYLON 


Flora Plastics Lid, Duke Street House, 415 
Oxford Street, London W.1 


(Illustration a la page 55) 


Ces vis en nylon, qui sont fournies 
dans une série de grandeurs, comportent 
un nombre de particularités et d’avan- 
tages dont les suivants: 

(a) A la téte de la vis se trouve une 

rainure transversale semblable a 
celle d'une vis ordinaire, mais fermée 
aux extrémités. Au sommet de la 
téte, et dans une position adjacente 
a la tige, il y a une ouverture étroite 
partant du centre de la rainure trans- 
versale (voir la gravure). Le tourne- 
vis recommandé pour ce genre de 
vis est semblable 4 un _ tourne-vis 
ordinaire, mais il est, toutefois, muni 
d'un ergot sortant du centre de la 
lame et épousant l’ouverture centrale 
de la vis. Ainsi, le tourne-vis sert a 
tenir la vis jusqu’a ce que l’ouverture 
soit trouvée. 
Cette vis autorise une action d’auto- 
filetage, de sorte qu’un accrochement 
ferme est assuré et que la vis ne se 
desserrera pas. 

(c) Etant en matiére plastique moulée, 
cette vis pourra étre assortie a 
n’importe quelle couleur voulue. 

(d) Le nylon est une matiére parfaite- 
ment résistante 4 la corrosion. 

(e) Le nylon est un excellent isolant. 


EE 29 767 pour plus amples renseignements 


SIMULATEUR DE SYSTEME 
Feedback Ltd, Crowborough, Sussex 
(Illustration a la page 55) 

Le simulateur de systéme, type SS110, 
construit par la Société Feedback Ltd, 
associée & Servomex Controls Ltd, est 
prévu pour le travail expérimental dans 
les techniques analogiques et de simula- 
tion. Il peut, en effet, simuler une gamme 
étendue de systémes décrits par équations 
linéaires différentielles de second ordre. 

Il peut étre utilisé dans le temps réel, 
et la largeur de bande est telle que Ja 
vitesse de répétition peut étre portée a 
la fréquence secteur. 

Le simulateur SS110 contient six ampli- 
ficateurs, huit éléments d’inter-connexion 
de trois types de base, fournissant les 
fonctions de transfert, un élément 4 ondes 
carrées pour les essais répétés de réponse 
transitoire 4 la fréquence du secteur, et 
il est complet avec blocs d’alimentation 
stabilisée de courant continu. 

Il a été étudié pour répondre aux 
besoins des utilisateurs pour qui le 
matériel de calcul analogique de préci- 
sion représente un gros débours inappro- 
prié, mais qui voudraient, cependant, 
mettre 4 profit des méthodes similaires 
a l'usage général de leurs laboratoires et 
obtenir ainsi des résultats précis a un 
prix abordable. 

EE 28 768 pour plus amples renseignements 





Résumés des Principaux Articles 


Un Oscillateur 4 large bande a régulation de tension, d'une stabilité et d'une linéarité élevées 


par M. A. Weston 


Cet article décrit une méthode pour effecteur l'accord électronique d’un oscillateur dans une bande 
étendue de fréquences dans la gamme des mégacycles. 


Résumé de l'article 
aux pages 245 


Le circuit est essentiellement celui d’un oscillateur & inductance-capacité dont on peut varier la 
fréquence par la commutation électronique d’un nombre de condensateurs fixes @ travers l’ inductance 
d’accord. Les divers facteurs affectant la stabilité et !a linéarité des condensateurs sont étudiés dans 


cet article, qui donne également le schéma du circuit d’un oscillateur couvrant la gamme de 1,5 MHz 
@ 3 MHz avec une linéarité maximum de 0,5 %. 


La mesure des pulsations du coeur d’un athléte actif 


par D. W. Hoare et J. M. Ivison 


De fort utiles données physiologiques peuvent étre obtenues par la mesure de la fréquences des 


pulsations du coeur d’un athiéte en action. 


ces mesures. 


Résumé de |'article 
aux pages 64 8 


commande par quartz. 
L’appareil est transistorisé et sa conception est telle que le systéme peut étre développé pour 
l’émission de données physiologiques supplémentaires. 


L’enregistrement et la reproduction de l’égalisation pour les disques a sillons larges et étroits 

L’auteur analyse ici |’ energistrement et la reproduction de I’ égalisation pour disques de gramophone 
4 sillons fins ou larges, et il explique la méthode pour définir les courbes classiques. 
l’impédance interne de la téte de reproduction sont également examinés. 


Résumé de !'article 
aux poges 9d 1/5 
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Cet article discute d’un systéme réalisé pour effectuer 


Deux canaux électrocardiaques alimentent un circuit sélecteur assurant la discrimination contre 
les parasites dis aux bruits musculaires. Ce circuit sélecteur déclenche un multivibrateur monostable. 
Ce dernier,a son tour, module en fréquence une sous-porteuse modulant en amplitude l’émetteur a 


par P. J. Guy 


Les effets de 
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Appareils et systémes de télémétrie analogique par R. E. Young 

Cet article examine la gamme d appareils de télémétrie, congus et réalisés par Sir W. C. Armstrong 
Whitworth Aircraft Ltd. La premiére partie décrit une installation de télévision air/sol ainsi qu'un 
appareillage automatique d’ évaluation aléatoire, cependant que les parties suivantes montrent comment 
Résumé de !’article ces premiers modéles ont fait l'objet d’un programme continu de mise au point. Les appareils décrits 
aux pages 16 a 20 dans ces derniéres parties comprennent un systéme de télémetrie pour le programme du modeéle 
‘Flutter Dart’, de méme qu'une application de la télémétrie 4 l'industrie automobile. Quoique congu 
a l’origine pour un but spécifique, le matériel en question trouve de multiples applications 

industrielles. 


L’essai de noyaux magnétiques 4 bande métallique en vue de leur utilisation dans un traducteur de code par J. D. Andrews 
Si l'on préléve un nombre de noyaux magnétiques, avant leur essai, 2’ une chaine de production, on 
constatera des variations entre ces échantillons. Un essai de recette étant exigé pour la plupart des 
applications, il est donc souhaitable de pouvoir reproduire, pour cet essai, les conditions d'utilisation du 
matériel auquel les noyaux sont destinés. Les essais effectués avec deux types de noyaux magnétiques 
Résumé de I'article a bande métallique sont décrits dans cet article. 
aux pages 2/ d 26 Avec l’un de ces types de noyaux, il est important que la surface “volts * temps” et le rapport 
“1” — “0” dépasse une certaine valeur. Le second type de noyau doit étre essayé quant a 
fonctionnement de courant de forme coincidente et quant a la vitesse de commutation. 
L’essai de recette de ces noyaux est simplifié en le réduisant a une opération par enfichage qui donne 
une image oscilloscopique derriére un masque d' essai. 


Un compteur de scintillations intégrateur portatif par J. C. Harvey 

L’instrument faisant l'objet de cet article a été prévu pour les cas ou les niveaux d’activité sont 
trop bas pour que le type de dispositif ad compteur ordinaire puisse produire une activité suffisante, 
comme par exemple pour les masses de roc exposé ou les échantillons de roc en laboratoire. On 
emploie donc un compteur électromagnétique, précédé, d’une échelle décimale. L’appareil complet, 
y compris le bloc d’alimentation de photomultiplicateur, est transistorisé et entiérement portatif. 


Résumé de |'article 
aux pages 28 d 3! 


Potentiométres 4 plusieurs prises constituant des transducteurs linéaires précis par K. C. Garner 
L’auteur décrit un procédé de dispositif systématique pour calculer les valeurs des résistances de 
Résumé de l'article shunt qui, lorsqu’elles sont reliées a travers des prises intermédiaires adjacentes, peuvent ainsi 
compenser les erreurs de charge. Une formule généralisée peut étre appliquée a condition que les 


aux pages 32 d 35 ‘ seta Be ‘ ‘ . Pes Si “vary 
pag prises soient placées a intervalles égaux. Cette méthode permet de spécifier indépendamment et dans 
des limites étendues la résistance d’entrée minima, la résistance de potentiométre et la charge. 


Commande d’avion sans pilote par E. H. Hall 
Cet article décrit briévement un systéme de commande de bord réalisé pour la version sans pilote 
Résumé de l'article de l’avion Gloster Meteor. L’appareil consiste essentiellement en un récepteur a double super- 
hétérodyne ainsi que les éléments nécessaires de relais et de décodage. Le récepteur fonctionne dans 
aux pages 36 d 37 : : k . : “er > 
la bande de 70 a 80 MHz et les signaux de commande sont modulés en fréquence par une série de 28 
paires de tonalités séparées. 


Un systzme enregistreur pour compter les déviations de faisceau galvanométrique par G. E. Alexander et G. C. Eicholz 
L’appareil décrit a été concu pour observer et enregistrer la passage d’un faisceau lumineux 
Résumé de Iarticle concentré, a un nombre de points d’une échelle de galvanométre avec une précision d’un minute pres. 
aux pages 38 d 39 L’appareil est entiérement transistorisé et il est muni d’un détecteur sensible a la lumiére consistant 
en une cellule solaire au silicium. 


Partage des fréquences par accumulation de courants porteurs par W. D. Ryan 
En faisant varier le rapport avance/inversion du courant, on peut rendre une diode a jonction 
conductrice dans des demis-cycles inversés a l’alternat d’une tension d’entrée sinusoidale et obtenir 
Résumé de l'article ainsi des impulsions de sortie dont la périodicité est de moitié inférieure 4 celle de Ll entrée, Un 
aux pages 40 a 41 circuit caractéristique, fonctionnant @ 50 kHz, et dont on peut obtenir une tension de sortie contenant 
80% de subharmoniques, est décrit dans cet article qui discute, en conclusion, d év-nixzelles applications 
aux calculateurs électroniques. 


Un transformateur pratique pour l’adaptation des lignes coaxiales par P. Bramham 
Le transformateur de lignes que décrit cet article, comporte deux sections de ligne dont chacune a 
l’impédance de l'une des lignes devant lui étre rattachée, et qui sont disposées de maniére a ce que 
Résumé de I'article les trois changements d’impédance qui en résultent s’annulent a une- fréquence particuliére. On y 
aux pages 42444 montre que dans certains cas le transformateur présente des avantages pratiques par rapport a 
d’autres types d’usage courant. La largeur de bande du transformateur est calculée, et il est comparé 
au transformateur a@ quart d’onde et a celui a demi-bande. 
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Beschreibung neuer Bauelemente, Zubehérteile und Priifgerate auf Grund der von Herstellern 


ANTENNENISOLATOR 


Electric Ltd, Charfleet Industrial 
Canvey Island, Essex 


(Abbildung Seite 52) 

Das Egen Programm wird durch Ein- 
fihrung des Antennenisolators Typ 364 
erweitert. Er gibt Antennenisolation fiir 
Allstrom-Fernseher in einem  einzigen 
kompakten und widerstandsfahigen 
Bauelement, das allen Anforderungen 
der Britischen Norm BS 415 geniigt. Der 
Einfiigungsverlust ist sehr niedrig, und 
das elektrische Pflichtenblatt gewéahr- 
leistet Héchstleistung fiir alle Frequen- 
zen, die fiir Heimempfanger vorgesehen 
sind. 

Er ist vollstandig koaxial mit voll 
abgeschirmtem I[nnenleiter. Die Serienin- 
duktanz des Durchfiihrungskondensators 
im Aussenleiter ist 
Kapazitit des Durchfiihrungskondensa- 
tors, der fiir 3 kV Gleichspannung ge- 
priift ist, betrigt 470 pF in beiden 
Leitern. 

Das Bauelement kann entweder direkt 
auf das Chassis montiert oder mittels 
eines getrennten Winkels eingebaut wer- 
den. Es kann mit der gewiinschtea 
K oaxialkabellinge fiir Verbindung 
zum Eingangskreis geliefert werden. Der 
externe Sockel ist fiir Aufnahme 
von Standard-Koaxialsteckern nach 
R.E.C.M.F. Normen konsfruiert. 


EE 29751 fiir weitere Einzelheiten 


Egen Estate, 


KLYSTRON FUR BAND IV 


English Electric Valve Co. Ltd, Chelmsford, 
Essex 


(Abbildung Seite 52) 

Die English Electric Valve Co. Ltd. 
hat die Herstellung des abstimmbaren 
Hochleistungsklystrons 4KM50,000LA 
begonnen, das mit einem Wirkungsgrad 
von 40% eine CW-Leistung von nicht 
weniger als 10 kW abgibt. 

Diese Réhre wird von E.E.V. auf 
Grund der von der Eitel McCullough 
Inc. USA gelieferten Information her- 
gestellt und arbeitet im Bereich 400...610 
MHz. Sie wird mechanisch mittels exter- 
ner Hohlriume abgestimmt. 

Verwendung einer isolierten Modula- 
tionsanode erméglicht Amplituden- oder 
Impulsmodulation ohne Anderung der 
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sehr niedrig. Die. 


gemachten Angaben. 


Strahispannung und dient, iiber einen 
hohen Widerstand mit dem Klystron- 
kérper verbunden, auch als Schutz- 
vorrichtung. Der Elektronenstrahl ‘st 
elektromagnetisch fokussiert. Die Fokus- 
sieranordnung, die Abstimmhohlraume 
und die abstimmbaren Belastungskoppler 
fiir den zweiten, dritten und Ausgangs- 
hohlraum werden getrennt _ geliefert. 
Die HF-Anschliisse fiir die Hohlriume 
sind koaxial. 

Da die Abstimmhohlraume  villig 
ausserhalb des Vakuumkolbens liegen, 
sind die Ersetzungskosten am Ende der 
Rohrenlebensdauer nur auf die Réhre 
selbst beschrankt. Abstimmungen kén- 
nen wiederholt ohne Beanspruchung oder 
Beschadigung der Roéhre ausgefiihrt wer- 
den, so dass die externen Abstimm- 
vorrichtungen nicht nur gréssere Anpas- 
sungsfahigkeit mit sich bringen, sondern 
auch das Risiko des Ausfallens verrin- 
gern. 

Die 4KH50,000LA wiirde sich fiir Ver- 
wendung in Fernsehsendern fiir Band IV 
eignen, besonders fiir Ortssender kleiner, 
dichtbevélkerter Gebiete, da Wartung 
und Ersatzkosten ein Minimum betra- 
gen. Ein weiteres Verwendungsgebiet ist 
die UHf-Streufortpflanzung. 


EE 29752 fiir weitere Einzelheiten 


SKALENANZEIGER 


Ketay Ltd, Eddes House, Eastern Avenue West, 
Romford, Essex 


(Abbildung Seite 52) 

Das Programm der Ketay Ltd, die zur 
Plessey-Gruppe gehédrt, wurde durch 
Einfiihrung von zwei stossfesten und 
genauen Anzeigern mit quadratischem 
Flansch erweitert, die iiberall dort ver- 
wendet werden kénnen, wo Winkel- oder 
Linearinformation angezeigt oder wieder- 
holt werden soll. 

Der neue Anzeiger hat in der Grund- 
form einen Skalendurchmesser von 76,2 
mm und arbeitet mit Wechselstrom- 
Synchroniibertragung. 

Standard-Skaleneichung ist von 
0...360° mit 2° Teilung, andere Kunden- 
wiinschen entsprechende Skalen werden 
jedoch ohne Aufschlag geliefert. Gut 
gedimpfte Ketay-Synchron-Drehmoment- 
empfainger Grésse 11, 15 oder 18 mit 
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~ Ubersetzung der Seiten 52 bis 55 


sehr geringer Einspielzeit des Zeigers 
werden benutzt. Die normale Genauig- 
keit ist +1°. Ketay-Synchron-Drehmo- 
menttransmitter, die die vorbenannten 
Synchron-Drehmomentempfanger ergan- 
zen, sind fiir 50, 60 und 400 Hz—Betrieb 
lieferbar. Zum Einsatz eines Transmitters 
fiir mehrere Anzeiger sind Sonderzweck- 
Transmitter erhaltlich. 

Fiir Grob-Feinanzeige wird eine 
Sonderausfiihrung mit quadratischem 190 
mm Filansch hergestellt. Fiir dieses 
Modell werden zwei Drehmomentsyn- 
chrons Grésse 18 benutzt, die mit einer 
Grob-Fein-Transmitteranordnung zusam- 
menarbeiten. 


EE 29753 fiir weitere Einzelheiten 


WARMEABFUHRELEMENTE 
Marston Excelsior Lid, Fordhouses, Wolver- 





(Abbildung Seite 52) 
Der standig zunehmende Einsatz von 


Leistungstransistoren und ahnlichen 
Halbleitern erfordert effektive und preis- 
giinstige Kiihlvorrichtungen. Marston 
Excelsior Ltd, deren Fertigung fiir die 
elektronische Industrie sich besonders 
auf Warmetauscher fiir Bordausriistung 
in Flugzeugen konzentriert, hat jetzt ein 
Wirmeabfuhrelement entwickelt, das 
durch natiirliche Luftkonvektion gekiihlt 
wird. Zwei Modelle sind in beschriank- 
ten Mengen lieferbar. Modell 1 mit 16 
Kiihlrippen hat eine Warmewider-stand 
von 13°C/W und Modell 2 mit 8 
Kihlrippen eine von 24° C/W in freier 
Luft. 

EE 29 754 fiir weitere Einzelheiten 


MESSENDER FUR SEHR NIEDRIGE 
FREQUENZEN 
Airmec Lid, High Wycombe, Buckinghamshire 
(Abbildung Seite 53) 

Der Messender Typ 257 fiir sehr 
niedrige Frequenzen hat einen Bereich 
von 0,03...30 Hz und gibt gleichzeitig 
vier in Phasenbeziehung stehende Aus- 
gangssignale ab. 

Der normale Ausgang kann mittels 
Stufen- und Schleifdrahtabschwiachern 
von 500uV-50 V stufenlos geregelt wer- 
den. Die Bezugs- und Quadraturaus- 
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ginge geben Signale mit feststehendem 
Pegel (12 V) ab, die fiir Phasenmessun- 
gen geeignet sind; der erstere ist phasen- 
gleich mit dem normalen Ausgang, der 
letztere eilt um 90° nach. Ein vierter 
Ausgang gibt ein Signal ab, dessen Phase 
kontinuierlich mit Bezug auf den nor- 
malen Ausgang verschoben werden kann. 
Dieser’ Regler befindet sich auf der 
Frontplatte und ist von 0...360° geeicht. 
Die Amplitude dieses Signals kann auch 
liber einen 20 dB-Bereich bis zu einem 
Hochstspitzenwert von 20 V_ geregelt 
werden. 

In der Oszillator-Grundschaltung fin- 
det ein motorgetriebener Kondensator 
fiir die Modulation einer Tragerfrequenz 
Verwendung. Das modulierte Signal wird 
dann gleichgerichtet und verstirkt, um 
den Ausgang mit sehr niedriger Frequenz 
abzugeben. Die Vorteile dieses modulier- 
ten Tragersystems iiber herkémmliche 
Oszillatoren fiir sehr niedrige Frequen- 
zen kénnen kurz wie folgt beschrieben 
werden: 

Erstens ergibt sich die Frequenzin- 
derung durch eine Anderung der 
Motorengeschwindigkeit, und es_ ent- 
stehen keine Verzégerungen durch lange 
Zeitkonstanten. Zweitens kann die Fre- 
quenz des Ausgangssignals genau durch 
eine Tachometerschaltung fiir die 
Motorengeschwindigkeit iiberwacht wer- 
den. Das Resultat wird durch ein 152 mm 
Instrument auf der Frontplatte ange- 
zeigt. Drittens kann der Ausgangspegel 


sofort durch Anderung der Trigerampli- 
tude genau eingeregelt werden statt fiir 
die tibliche Verzégerungsspanne einiger 


Perioden verzégert zu werden. 
Viertens sind Reinheit der Wellen- 
form und Konstanz der Ausgangsspan- 
nung von der Frequenz unabhingig, und 
fiir die niedrigsten Frequenzen ist keine 
kritische Einregelung der Oszillator- 
Gegenkopplung erforderlich, um eine 
zufriedenstellende Wellenform zu erzie- 
len. Fiinftens erméglicht das System 
einen Ausgang mit regelbarer Phase 
von hoher Phasengenauigkeit und -kon- 
stanz. Da die Phasenregelung die physi- 
kalischen Beziehungen zwischen dem 
Aufnahmestator und dem Modulations- 
kondensator fndert, ist die Genauig- 
keit und Eichung von der Frequenz 
véllig unabhangig. 
EE 29755 fiir weitere Einzelheiten 


TRANSISTORISIERTER 
GLEICHSTROMWANDLER 
Aveley Electric Ltd, Agron Road, Aveley Indus- 
trial Estate, South Ockendon, Essex 
(Abbildung Seite 53) 


Diese Gleichstromwandler kénnen 
direkt als Ersatz fiir Umlaufsgeneratoren 
und Zerhacker-Netzgerite Verwendung 
finden. Sie sind fiir Nennleistungen von 
5...120 W mit Eingangsgleichspannungen 
von 6...24 V lieferbar. Der Ausgang ist 
mit 300 V Gleichspannung und Anzap- 
fungen fiir 200 und 250 V genormt. 

Transformatoren mit Ringspulen auf 
rechteckigem Hartstahlkern werden 
benutzt. Bifilare Wicklungen ergeben 
genauen Abgleich fiir symmetrisches und 
schnelles Schalten der Transistoren. 
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Alle Gerate sind mit Sicherungen und 
Schiitzen versehen und nur die hoch- 
wertigsten Bauelemente finden Verwen- 
dung. 

EE 29 756 fiir weitere Einzelheiten 


HOCHSPANNUNGS-IMPULSGEBER 
Lunartron Electronics Lid, Leighton Road, 
Duastable, Bedfordshire 
(Abbildung Seite 53) 

Der Lunartron Hochspannungs- 
Impulsgeber ist eine Hochspannungs- 
Einzelimpulsquelle, die einen positiven 
oder negativen Ausgangsimpuls abgibt. 
Er wurde urspriinglich als Triggergerat 
zur Férderung der Entladung in einer 
Funkenstreckenlichtquelle fiir optische 
Systeme des Schlieren- oder Schattenbild- 
types entwickelt. Er ist auch als Trigger 
fir xenongefiillte Entladungslampen 
niitzlich sowie fiir Quecksilberdampf- 
lampen, die fiir Impulsziindung geeignet 
sind. 

In einer Arbeitsstromschaltung hat der 
Ausgangsimpuls ungefahr I18kV_ und 
erreicht den Spitzenwert in 30 us. 

Drei Triggermethoden sind vorgesehen: 
. Manuell durch Driicken eines feder- 

belasteten Schalters auf der Frontseite. 

. Beaufschlagung des Eingangs mit 
einem positiven Impuls oder einer 
positiven Rechteckwelle. 

. Kurzschliessen der Eingangsklemmen 
durch einen Schalter, z.B. Kamera- 
blitz-Synchronisierungskontakte. Wie- 
derholte Auslésung bis zu 20 Hz ist 
erlaubt. 


EE 29 757 fiir weitere Einzelheiten 


SELBSTHALTERELAIS 


Vertrieb durch: D. Robinson & Co. Ltd, Gun- 
Leadon Road, Hounslow, 
Middlesex 


nersbury House, 717 
(Abbildung Seite 53) 

Clifford & Snell Ltd haben ihr Pro- 
gramm genormter Einsteckrelais durch 
ein Selbsthalterelais mit elektrischer 
Auslésung erweitert. Es kann als bi- 
stabiles oder “Gedichtnis”-Relais be- 
trachtet werden, da ein kurzer Impuls 
durch die Hauptspule eine Anderung der 
Kontaktstellung hervorruft, die anhalt, 
bis die Auslésespule mit einem Impuls 
beaufschlagt wird. 

Beide Spulen sind fiir Dauerbelastung 
bemessen und kénnen durch Gleich- oder 
Wechselstrom betitigt werden. Die Be- 
stiickung kann aus bis zu drei Umschal- 
tern oder fiinf Federsatzen fiir Arbeits- 
oder Ruhekontakte bestehen. Alle Werk- 
stoffe einschliesslich der durchsichtigen 
Haube sind unbrennbar und vdllig tro- 
penfest. 


EE 29758 fiir weitere Einzelheiten 


MASSENSPEKTROMETER 
Leland Instroments Ltd, A. 4 _Geenter Road, 
Loadon 


(A bbildung mae 53) 

Leland Instruments Ltd bietet jetzt in 
England ein neues Massenspektrometer- 
Fertigungsprogramm der Compagnie 
Francaise Thomson-Houston zur Bestim- 
mung der genauen Bemessung von 
Bestandteilen gasférmiger Mischungen 
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innerhalb des Massenbereiches von 
2...150 an. 

Dieses TH.N.202 Programm mit 
auswechselbaren Dauermagneten enthalt 
drei Modelle: Modell TH.N.202 D ist 
besonders fiir die Trennung eines Mole- 
kiilpaares dhnlicher Masse ausgelegt 
und beruht auf “Doppelsammlung”; 
Modell TH.N.202 SD hat eine zusatzliche 
elektrostatische Abtastvorrichtung fir 
Spektralaufzeichnung mit Einzelsamm- 
lung und kann augenblicklich entweder 
auf Einzel-oder Doppelsammlung umge- 
schaltet werden; Modell TH.N.202 §S 
arbeitet nur mit Einzelsammlung und 
elektrostatischer Spektralaufzeichnung. 
Modelle 202 S und D kénnen jederzeit 
durch Einbau von Zusatzelementen an 
vorgesehenen Stellen in ein TH.N.202 SD 
Modell umgewandelt werden. 

Die auswechselbaren Dauermagneten 
mit 835, 1560 und 3150 Gauss sind fir 
die Massenbereiche 2...8, 8...32 bzw. 
30...100 bestimmt, und andere Magnet- 
kombinationen fiir Massenbereiche bis 
zu 150 kénnen auf Bestellung geliefert 
werden. 

Mit Doppelsammlung 
Spektrometer 202 fiir genaue Messungen 
des Isotopen-Hiaufigkeitsverhaltnisses 
gasférmiger oder fester Elemente, fir 
Gaskonzentrationsmessungen in bindren 
Mischungen, fiir Deuteriummessungen in 
H,. HD oder HD,D, und ftir Tritium in 
HT, T,—Mischungen usw. Verwendung 
finden. 

Mit Einzelsammlung kann das entspre- 
chende Modell fiir automatische Dauer- 
spektralanalyse eines der drei Massen- 
bereiche 2...8, 8...32 und 30...100 (und 
auf Bestellung bis 150), fiir automatische 
Untersuchung des Spektrums  vorbe- 
stimmter Massen mittels Hochspannungs- 
schalten und, wenn gewiinscht, fiir kon- 
tinuierliche und automatische Aufzeich- 
nung der Konzentration bestimmter Gase 
benutzt werden. 

Die in einem Gehduse untergebrachten 
Spektrometer TH.N.202 bestehen aus 
zwei Bausteinen: dem Trenner-Baustein, 
der Ionenquelle, Analysatorrohr, Mag- 
net, zwei Targetsammler, Pumpensystem, 
Netzgerat und Schutzvorrichtungen 
enthalt, sowie dem elektronischen Mess- 
Baustein, bestehend aus zwei linearen 
Verstirkerketten, Hochspannungs - Netz- 
gerit und (in Modellen S und SD) einem 
Spektrumschreiber, automatischen Spek- 
trumabtaster und auf Bestellung auto- 
matischen Hochspannungs- und Emp- 
findlichkeitsschaltmittel zur Messung 
vorgewahlter Massen. 

Diese Spektrometer kénnen eine Kon- 
zentration einer bestimmten Isotope von 
nur 0,1 Teil pro Million nachweisen und 
haben ein Auflésungsvermégen von 50, 
das auf Wunsch erhéht werden kann. 
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kann das 


ten type coat 


Payne International. Buckingham 
Avenue, Teodon Estate, Slough, Buckinghamshire 


(Abbildung Seite 54) 
Vor kurzem wurde eine neue Aus- 
fihrung des ,,Diavite Microtester“ fiir 
Oberflachengiitemessung eingefihrt. 
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Die verbesserte Ausfiihrung gibt durch 
Drucktastenwahl eine Instrumentanzeige 
jedes der folgenden Werte: 

1. R, (Mittelliniendurchschnitt). 

2. Ry, (grésste Profilhéhe iiber der durch- 
schnittlichen Mittellinie). 

3. Rmax (grésste Tiefe der Schrammen, 

Spitze zum Tal). 

Das Britische Normenblatt 1134:1950 
schreibt zwar die Benutzung des Mittel- 
lintendurchschnittssystems vor, jedoch ist 
die Méglichkeit, wo nétig durch Messung 
des Wertes Ry», die Tiefe der Ober- 
flichenbeschadigung von Werkstiicken 7u 
bestimmen, auch von grossem Wert. 
Zum Beispiel kann in der Fertigung von 
Transistoren, in der alle Spuren der 
Oberflachenbeschidigung der Halbleiter- 
scheiben durch Atzen beseitigt werden, 
vorausgesagt werden, bis zu _ welcher 
Tiefe geiitzt werden muss. 

Das Gerit iiberstreicht weiterhin den 
Bereich von 0...7,62 mit drei wahl- 
weisen Grenzlingen (begrenzte Wellig- 
keit): 0,076, 0,254 und 0,762 mm. 

Die verschiedensten Messképfe fiir 
flache und kugelférmige Oberflichen, 
Locher, Zahnflanken, Kugelkifige usw. 
sind lieferbar. Die Normalausriistung fiir 
das Gerat besteht aus einem Fihler mit 
4mm Hub. Eine Sonderausfiihrung mit 
drei verschiedenen Hublangen zwischen 
1 und 2mm kann auch geliefert werden. 
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DRUCKSCHALTUNGS- 
ANSCHLUSSE 
G. H. Garland & Co. Ltd, 101-105 Nibthwaite 
R iddlesex 


oad, Harrow, M 
(Abbildung Seite 54) 


Die Druckschaltungsanschliisse C 29 
schnappen in die gestanzten Standard- 
Lécher der Druckschaltungsplatten und 
verankern sich selbst vor dem Létar- 
beitsgang. Nach dem Léten in die Schal- 
tung ergibt sich ein bequemer Osenan- 
schluss mit herké6mmlichen Mitteln zum 
Verschalten derjenigen Bauelemente, die 
sonst durch iibermissige Warme des 
Létbades oder unnétiges Handhaben 
beschidigt werden kénnen. Die Isolier- 
perle besteht aus keramischem Material. 
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TRANSISTOR OSZILLATOR 


Solartron Laboratory Instruments Lid, Cox Lane, 
Chessington, Surrey 


(Abbildung Seite 54) 


Der neue Solartron R+C-Oszillator 
CO 1008 hat einen Frequenzbereich von 
20 Hz...200 kHz und wurde urspriing- 
lich im Royal Radar Establishment 
entwickelt. Die Frequenz kann mittels 
Feineinstellung auf +5% genau einge- 
stellt werden. Die eingestellte Frequenz 
wird iiber eine 8stiindige Periode inner- 
halb +0,2% konstant gehalten. 

Der bis zu Amplituden von IV 
stufenlos regelbare Ausgang  enthilt 
weniger als 0,25% MHarmonische iiber 
100 Hz und weniger als 1% unter 100 Hz. 

Der CO1008 benutzt zur Erzielung 
sehr stabiler Kenndaten die in Rech- 
nerverstarkern verwendete _,,virtuelle 
Erdungstechnik“. Frequenzeinstellung 
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erfolgt iiber ein ohmisch abgestimmtes 
Wien-Netzwerk, und durch Thermistor- 
gegenkopplung wird eine Amplituden- 
konstanz von +2% erreicht. 

Das Gerat wiegt nur 2 kg einschliess- 
lich der beiden internen 9 V-Batterien, 
die bei einem tiglichen Gebrauch von 
4 Stunden eine Lebensdauer von 3 
Monaten haben. 
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FERNSTEUERUNGSANLAGE 

Mullard Equipment Lid, Mullard House, 

Torrington Place, London W.C.1 

Mullard Equipment Ltd hat ein neues 
transistorisiertes System fiir Fernsteue- 
rung und -iiberwachung von Industriean- 
lagen und -maschinen entwickelt, das 
automatisch ohne Personal an Ort und 
Stelle arbeitet. 

Das neue System kann auf besondere 
Kundenbediirfnisse zugeschnitten wer- 
den und ermdglicht Fernsteuerung, 
-anzeige und -messung. 

Es wurde besonders fiir Betrieb iiber 
120 Hz (50 Band) amplituden- oder fre- 
quenzmodulierte Tonfrequenztelegraphie- 
kanile ausgelegt und kann zu giinstigen 
Bedingungen gemietet werden. Natiir- 
lich k6énnen bestehende Einrichtungen 
einschliesslich Tonfrequenztelegraphie- 
systeme bis zu 24 Kanidlen ausgenutzt 
werden. Das System kann mit oder ohne 
Leitungsweichen zur Abzweigung eines 
Fernsprechkreises geliefert und auf Ver- 
langen fiir Betrieb iiber 200 Band- 
Kanile abgewandelt werden. 

Das System gibt iiber einen Standard- 
Telegraphiekanal bis zu 150 Fernsteuer- 
signale von der Zentrale zu den Steuer- 
punkten weiter. In umgekehrter Rich- 
tung kénnen 156 Fernanzeigen oder 12 
Fernmesskanile oder eine Kombination 
der beiden tibertragen werden. Mit zusatz- 
lichen Telegraphiekanilen werden diese 
Zahlen natiirlich vervielfaltigt. 

Das System arbeitet digital mit einem 
zeitanteiligen Multiplex-Prinzip, und wo 
erforderlich kénnen Analog-Digital- 
wandler eingebaut werden. 

In der Anlage wird weitgehend von 
Transistoren und _ Einsteck-Druckschal- 
tungen Gebrauch gemacht. 
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WIDERSTANDE FUR HOHE 
SPANNUNGEN 
Welwyn Electric Ltd, Bedlington, Northumberland 
(Abbildung Seite 55) 

Das Widerstandselement fiir diese 
neuen Hochspannungswiderstinde ist 
eine Abwandlung des Metalloxydmate- 
rials fiir die ‘“Power-Metox’-Wider- 
stinde, deren Zuverliassigkeit schon 
einige Jahre unter Beweis steht. Die 
Widerstandsfahigkeit des im Power- 
Metox benutzten Elementes wurde durch 
Verwendung reichlicher Materialstarke 
verbessert. Das Element wird durch ein 
Hochtemperaturverfahren fest auf die 
Oberflache des Keramiktragers aus 
ausgesuchtem Material gebunden und 
mit Silikon-Gummi umhiillt. Die Durch- 
schlagsfestigkeit dieses Werkstoffes liegt 
iiber 2000 V/mm, und die Starke gibt 


tel 


volle Isolation fiir die Betriebsspannung 
des Widerstandes. 

Die Widerstinde sind entweder mit 
Drahtenden oder mit Gewindekappen, 
wie abgebildet, lieferbar. Fiir Verwen- 
dung im Vakuum oder unter Hochdruck 
sollen die Typen mit Gewindekappen 
benutzt werden, da sie fiir Ausgleich von 
Innen- und Aussendruck konstruiert sind. 

Diese Widerstande sind fiir jeden Wert 
zwischen 2 M2 und 500 M& mit +5% 
Toleranz und Hdchstbetriebsgleichspan- 
nung von 50 kV lieferbar, vorausgesetzt, 
dass die Durchschnittsbelastung nicht 
hodher als 1 W ist. Die Konstanz ist bei 
langfristiger Dauer- oder Impulsbela- 
stung besser als 1%. 
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THERMOELEKTRISCHES 
KUHLGERAT 
Salford Electrical Instruments Ltd, Magnet 
House, Kingsway, London, W.C. 
(Abbildung Seite 55) 

Das erste einer Serie thermoelek- 
trischer Kiihlgerate wurde vor kurzem 
von Salford Electrical Instruments, einer 
Tochtergesellschaft der General Electric 
Co. Ltd eingefiihrt. 

Die Kiihlkapazitaét dieser Gerite 
beruht auf dem _ Peltier-Effekt und 
betragt fiir Typen mit einer Schicht 
weniger als 1 W, fiir ein grosses mehr- 
schichtiges Gerat jedoch mehr als 1 W. 
Sie iiberstreichen daher einen Bereich, 
der mit herkémmlichen Kiihlmitteln 
schwer erzielbar ist. 

Das erste Gerat der Gruppe ist jetzt 
greifbar. Modell BT 4 hat vier Sperr- 
schichten und eine Nennkiihlkapazitat 
von 1 W. 

Es wird in Form eines kleinen Wiirfels 
hergestellt, und die Thermoschichten 
werden durch eine Kombination von P- 
und N-Typen eines Wismut-Tellurid- 
Halbleitermaterials gebildet. In Betrieb 
wird das Aggregat zwischen das zu 
kiihlende Objekt und die Wiarmeabfuhr 
geklemmt. Typisch fiir die vielen Ver- 
wendungszwecke ist die Kiihlung elek- 
tronischer Baulemente in hohen Umge- 
bungstemperaturen, wo es die Nenn- 
leistung von Transistoren erhdht, den 
Dunkelstrom von Fototransistoren her- 
absetzt oder bei Quarzen Betrieb am 
Umkehrpunkt oder einem in einem 
gewihiten Abschnitt der Frequenz- 
abweichungs-Temperaturkennlinie ermég- 
licht. 
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SCHEIBENKONDENSATOREN 
HOHER KAPAZITAT 
Erie Resistor Ltd, 1 Heddon Street, London W.1 
(Abbildung Seite 55) 

Erie Resistors geben die Einfiihrung 
eines neuen Types von  keramischen 
Miniatur - Scheibenkondensatoren 
“Transcap” T fiir hohe Kapazitaéten und 
niedrige Spannungen bekannt. Typ T 
hat einen Durchmesser von nur 15 mm 
und ist 4 mm dick. Er ist anfanglich 
nur mit einer Kapazitat von 5S uF 
—20%/+50% fiir 3 V  Gleichstrom- 
Nennspannung lieferbar und ist der 
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Vorlaufer einer Serie keramischer 
Miniatur-Scheibenkondensatoren fiir 
niedrige Spannungen in verschiedenen 
Kapazitatswerten, 
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NYLONSCHRAUBEN 

Flora Plastics Ltd, Duke Street House, 415 
Oxford Street, London W 
(Abbildung Seite 55) 

Diese Nylonschrauben werden in ver- 
schiedenen Gréssen_ hergestellt. Die 
besonderen Merkmale und _ Vorteile 
umfassen 
(a) Im Kopf der Schraube befindet sich 

ein Schlitz adhnlich dem in einer 
normalen Schraube, nur die beiden 
Enden sind nicht offen. In der Ober- 
fliche des Kopfes und nahe dem 
Schraubenschaft befindet sich ein 
enges, von der Mitte des Schlitzes 
ausgehendes Loch (siehe Abb.). 
Der fiir die Schrauben empfohlene 
Schraubenzieher ist einem normalen 
ahnlich, hat aber einen von fer 


Mitte der Klinge hervorstehenden 
Zapfen, der in das Mittelloch der 
Schraube passt. Dadurch wird der 
Schraubenzieher beim Suchen nach 
dem Gewindeloch ein Trager fiir die 
Schraube. 
Die Schraube hat eine _ selbst- 
schneidende Wirkung; dadurch wird 
ein fester Sitz erzielt, und die 
Schraube kann sich nicht durch 
Vibration lésen. 
Da die Schraube aus gepresstem 
Kunststoff besteht, kann sie auf 
jede Farbe abgestimmt werden. 
Nylon ist véllig korrosionsfest. 
Nylon ist ein ausgezeichneter 
lator. 
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Iso- 


SYSTEM-SIMULATOR 
Feedback Ltd, Crowborough, Sussex 
(Abbildung Seite 55) 

Der von Feedback Ltd, einer mit Ser- 
vomex Controls Ltd zusammenarbeiten- 
den Firma, hergestellte System-Simulator 


SS110 ist fiir Versuchsarbeiten von 
Analog- und Simulatormethoden _ be- 
stimmt. Er kann einen weiten System- 
bereich simulieren, der durch lineare 
Differentialgleichungen zweiter Ordnung 
beschrieben werden kann. 

Das Gerat kann in Istzeit betrieben 
werden, und die Verstérkerbandbreite 
lasst Wiederholungsgeschwindigkeiten bis 
zur Netzfrequenz zu. 

Die Ausriistung des Simulators besteht 
aus sechs Verstirkern, acht Kopplungs- 
einheiten in drei Grundtypen, die die 
Ubertragungsfunktionen ergeben, einem 
Rechteckwellengeber fiir sich wieder- 
holende Finschwingvorginge bei Netz- 
frequenz und stabilisierten Gleichstrom- 
netzgeraten 

Es wurde fur den Bedarf derjenigen 
entwickelt, fiir die Prazisionsanalogrech- 
ner nicht geeignet oder zu teuer sind, die 
jedoch fiir allgemeine Laborarbeiten von 
verwandter Technik Gebrauch machen 
wollen, um genaue Resultate bei missi- 
gem Aufwand zu erreichen. 
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Zusammenfassung 


der wichtigsten Beitrage 


Ein spannungsgesteuerter Breitband-Oszillator hoher Konstanz und Linearitiit 


Der Beitrag beschreibt ein Verfahren, durch das ein Oszillator iiber ein breites Frequenzband im 
MHz-Bereich elektronisch abgestimmt werden kann. 


Zusammenfassung des 
Beitrages auf Seite 2-5 


von M. A. Weston 


Grundsdtzlich entspricht die Schaltung der eines LC Oszillators, dessen Frequenz durch eine Anzahl 
elektronisch geschalteter Kondensatoren parallel zur Abstimmspule gedndert wird. Die verschiedenen 
Faktoren, die die Linearitat und Konstanz der Kondensatoren beeinflussen, werden diskutiert und die 


Schaltung eines Oszillators fiir den Bereich 1,5 . . . 3,0 MHz mit einer héchsten Nichtlinearitat von 


0,5 % gegeben. 


Messung des Herzschlags eines aktiven Sportlers 


von D. W. Hoare und J. M. Ivison 


Durch Messung des Herzschlags eines Sportlers in Bewegung kann man niitzliche physiologische 


Information erhalten. 


entwickelt wurde. 
Zwei elektrokardische Kandle werden in eine Torschaltung gespeist, die gegen auf Muskelgerdusche 


Zusammenfassung des 
Beitrages auf Seite 6-8 


zuriick zufiihrende 


Storsignale unterscheidet. 


Die Torschaltung 
Mehrfachzerhacker, der seinerseits einen Hilfstrager frequenzmoduliert. 


Der Beitrag beschreibt ein System, das zur Ausfiihrung solcher Messungen 


triggert einen monostabilen 
Dieser Trager wird zur 


Amplitudenmodulation des quarzgesteuerten Senders benutzt. 
Das Gerd ist transistorisiert, und die Konstruktion erlaubt Ausweitung des Systems fiir Ubertragung 
zusGtzlicher Information. 


Aufnahme- und Wiedergabeentzerrung fiir Schallplatten mit groben und feinen Rillen 


von P. G. Guy 


In diesem Beitrag wird eine Analyse der Aufnahme- und Wiedergabeentzerrung fiir Schallplatten 

Zusammenfassung des mit groben und feinen Rillen gegeben und das Verfahren zur Bestimmung der Kennlinien erldutert. 
Beitrages auf Seite 9-15 Die Einfliisse des Innenwiderstandes des Wiedergabekopfes und des Abschlusswiderstandes werden 
auch besprochen. 
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Analogfernmesseinrichtungen und -systeme von R. E.{Young 


In diesem Beitrag wird eine Reihe von Fernmesseinrichtungen beschrieben, die von Sir W.G. Armstrong 
Whitworth Aircraft Ltd. entwickelt und konstruiert wurden. Im Teil I werden eine Bord-Boden- 
Fernsehanlage und ein automatisches Auswertungsgerdat fiir Antennenkuppeln beschrieben, und in 
Zusammenfassung des weiteren Abschnitten des Beitrags wird gezeigt, in welcher Weise diese ersten Einrichtungen Teil 
Beitrages auf Seite 16-20 “i"¢5 kontinuierlichen Entwicklungsprogramms wurden. 2 Unter den in weiteren Abschnitten be- 
schriebenen Gerdten befindet sich ein Fernmessystem fiir das “Flutter Dart’’—Modellprogramm 
und eine Fernmessverwendung in der Kraftfahrzeugindustrie. Obwohl die beschriebene Anlage 
urspriinglich fiir einen Sonderzweck entwickelt wurde, hat sie weitgehende industrielle Anwendungs- 
moglichkeiten. 


Priifung von Metallband-Magnetkernen fiir Verwendung in einer Verschliisselungsmatrix von J. D. Andrews 


Magnetkerne, die vor der Priifung der Fertigung entnommen werden, zeigen Abweichungen 
zwischen Priiflingen. Fiir viele Verwendungszwecke muss ein Abnahmetest gemacht werden, und es 
ist wiinschenswert, dass dieser Test unter Bedingungen stattfindet, die in den Gerdten vorherrschen, 
fiir die sie bestimmt sind. Die an zwei Typen von Metallband-Magnetkernen ausgefiihrten Priifungen 

Zusammenfassung des werden beschrieben. 

Beitrages auf Seite 21-26 Fiir den ersten Kerntyp ist es wichtig, dass die Spannung-Zeit-Flache und das “L”—‘‘O” Signal- 
verhdltnis iiber einem bestimmten Wert liegen. Der zweite Kerntyp wird fiir Koinzidenzstrombetrieb 
und Schaltgeschwindigkeit gepriift. 

Die Abnahmepriifung fiir diese Kerne wird dadurch vereinfacht, dass sie zu einem Einsteck vorgang 
mit Oszillographenanzeige hinter einer Priifabdeckung reduziert wird. 


Ein tragbarer integrierender Szintillationszahler von J. C. Harvey 


Das beschriebene Gerdt wurde fiir Falle entwickelt, in denen Aktivitadtsniveaus zu niedrig sind, um 
die fiir die Ratemeteranordnung ausreichende Aktivitat zu geben, z.B. an Bestrahlung ausgesetzten 
Gesteinsmassen oder Gesteinsmustern im Labor. Ein elektromechanischer Schnellzahler mit Dekaden- 
untersetzer-Vorsatz wird benutzt. Das komplette Gerdt, einschliesslich Stromversorgung fiir Photo- 
multiplier, ist transistorisiert und leicht tragbar. 


Zusammenfassung des 
Beitrages auf Seite 28-31 


Potentiometer mit Mehrfachanzapfung als genaue lineare Wandler von K. C, Garner 
Eine systematische Methode zur Berechnung der Werte von Parallelwiderstanden, die, zwischen 


Zusammenfassung des benachbarte Anzapfungspunkte geschaltet, fiir Belastungsfehler kompensieren. Eine verallgemeinerte 


Beitrages auf Seite 32-35 Formel kann benutzt werden, vorausgesetzt, dass die Anzapfungen gleichen Abstand haben. Die 


Methode erméglicht unabhdngige Bestimmung des Mindesteingangswiderstandes, des Potentio- 
meterwiderstandes und der Belastung in weiten Grenzen. 


Steuerung unbemannter Flugzeuge von E, H. Hall 


In diesem Beitrag wird eine kurze Beschreibung eines fiir die unbemannte Variante des Gloster 
Zusammenfassung des Meteor entwickelten Bordsteuersystems gegeben. Grundsdtzlich besteht die Anlage aus einem 
Beitrages auf Seite 36-37 Doppeliiberlagerungsemfanger und den erforderlichen Entschliisselungs- und Relaisgeraten. Der 
8 Empfanger arbeitet im Bereich 70 . . . 80 MHz, und die Befehlssignale werden durch eine Reihe von 

28 getrennten Tonpaaren frequenzmoduliert. 


Registrieranordnung zum Zihlen von Galvanometerstrahlablenkungen von G. E. Alexander und G. G. Eicholz 


Das beschriebene Gerdt wurde entwickelt, um den Durchgang eines fokussierten Lichtstrahls 

Zusammenfassung des durch Punkte auf einer Galvanometerskala mit einer Genauigkeit von einer Bogenminute zu beobachten 

Beitrages auf Seite 38-39 und zu registrieren. Als lichtempfindlicher Detektor fand in diesem volltransistorisierten Gerdat eine 
Silizium-Sonnenzelle Verwendung. 


Frequenzteilung durch Tragerspeicherung von W. D. Ryan 


Durch Anderung des Verhdltnisses von Durchlass- zu Sperrstrom wird es mdglich, eine Flachendiode 
fiir jede zweite Sperrhalbperiode einer sinusformigen Eingangsspannung stromfiihrend zu machen 
Zusammenfassung des und dadurch Ausgangsimpulse zu erhalten, deren Wiederholungsfrequenz die Halfte der Eingangs- 
Beitrages auf Seite 40-41 frequenz ist. Eine typische Schaltung fiir eine Betriebsfrequenz von 50 kHz, deren Ausgangsspannung 
80° Unterschwingungen enthdlt, wird beschrieben und Anwendungsmdglichkeiten in elektronischen 

Rechnern besprochen. 


Ein zweckdienlicher Ubertrager zur Anpassung koaxialer Leitungen von P. Bramham 


Der beschriebene Leitungsiibertrager besteht aus zwei Leitungsstiicken, von denen jedes die 
Impedanz der Leitung hat, mit der es verbunden wird. Die Anordnung ist so, dass sich die fiir eine 
Zusammenfassung des Frequenz ergebenden Impedanzdnderungen aufheben. Es wird gezeigt, dass dieser Ubertrager in 
Beitrages auf Seite 42-44 bestimmten Fallen praktische Vorteile iiber andere allgemein verwendete Typen hat. Die Bandbreite 
des Ubertragers wird berechnet und mit dem Viertelwelleniibertrager und dem Halbwellenkonus 

verglichen. 
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STABILIZED 


— “SINGS OIDAL- 


VOLTAGE by Advance 


the CVH RANGE VOLSTAT 


Advance constant voltage transformers are available in the CONTINUOUS AND AUTOMATIC STABILIZATION 


CVH range with low harmonic distortion in the output wave- RAPID RESPONSE TIME 

form, ideal for use with precision equipment sensitive to power 

frequency harmonics, and also with all equipment requiring a CURRENT LIMITING CHARACTERISTIC 
constant voltage sinusoidal input. 

In most applications the harmonic distortion present in the 

output waveform will not exceed 3%. Under the most un- NO MOVING PARTS 

favourable conditions this figure will not rise substantially above 

5%. When used with a rectifier to provide a d.c. supply, the NO ROUTINE MAINTENANCE 
characteristics of the system are identical to the normal mains 

source and particularly close regulation of the output is obtained. 


COMPACT DESIGN 





Type vev o/r v Watts p.f. Nett Price 
Range r.m.s. in U.K. 





CVH 60A 190-260 50~ 2 ae 100 £10100 | 





CVH 125A _—-190-260 50~ 
CVH 420A —-190-260 50~ 

CVH SOA = 190-26050~ 2 750 «1-00 

CVH 1500A 190-260 S0~ 0 1-00 

CVH 3000A 190-260 S0~ 3000 «1-00~=—«£18S 00 


CVH 6000A 190-260 50~ 1-00 £355 00 
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Stanferite j 5 


A new manganese-zinc ferrite, Stanferite 15 has 
been developed by STC and is now in manufacture. 
This material has a low temperature co-efficient 
of permeability with high quality performance. 


Stanferite 15 has proved to be eminently suitable 
for carrier and audio frequency coils and its 
permeability is guaranteed at 1500 + 400. Its 
permeability variation with temperature at the 
nominal permeability of 1500 at 35 deg C is + 5% 
over the range 10 deg C to 60 deg C. 


Send for further information. 


magnetic materials 





Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS DEPT: EDINBURGH WAY ~° HARLOW ~~ ESSEX 


COMPONENTS 
Group 





60/9MM 
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Well... we can’t vouch for the 
woman. But we can for the Relay. 
It’s one of the wide range 
commanding attention by 
offering decided advantages in 
every aspect of industrial 
control involving electrical and 
electronic equipment. 

To be specific, it is the— 


TMC ZETTLER (DIVIDE-BY-TWO) RELAY 
TYPE AZ170 


. » & unique latching relay for the operation and 
release of contacts on successive pulses of the same 
polarity. A cam wheel is stepped at each operation 
of the armature by means of a ratchet and pawl 
mechanism. The contour of the cam is such that a 
simple springset is operated and released on success- 
ive operations. This makes it a ‘‘divide-by-two’”’ relay — 





No woman 
would act 
this way 


about a Relay 


unless... 


an electrical 
engineer 


its essential feature. The armature is hinged on cap- 
tive ball bearings for maximum reliability. Twinned, 
gold-flashed contacts have up to two change-overs 
and operating coils up to 110 volts p.c. It is parti- 
cularly useful for remote control switching. 

The wide range of TMC ZETTLER RELAYS is 
capable of handling power from microwatts to kilo- 
watts. Extreme compactness is achieved in most 
cases. Where space is limited, their choice is destined 
to become a matter of course. 


TMC ZETTLER RELAYS EXTEND THE ALREADY WIDE TMC RANGE AND MAKE TMC BEST EQUIPPED TO MEET YOUR RELAY REQUIREMENTS 


Write now for further information. 


Relay Division B 


TMC 


Telephone Manufacturing Company Limited 


Hollingsworth Works, London, SE21. Telephone: GiPsy Hill 2211 
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STANTELUM 


HIGH TEMPERATURE |) || STANDARD 
FOIL TYPE 2 FOIL TYPE 


(POLAR AND NON-POLAR) (POLAR AND NON-POLAR) 
Type approved to R.C.S. 134B 


Temperature Range: 
- -40 to+ 85°C. 


Designed to withstand conditions of 
high temperatureandhigh vibration. / 
Temperature Range: -40 to+125°C < : | Voltage Range: 

a 6 to 150V. d.c. 


Voltage Range: 6 to 100V. d.c. i eas 
“ . , ¥ Capacitance Range: 
Capacitance Range: 0.2 to 200uF. | 0.15 to 200 uF. 











TANTALUM 


electrolytic 





capacitors 


STC manufacture a full range of tantalum electro- 
lytic capacitors available in the following types: 











MINIATURE | |= 


(POLAR) | #4 
(POLAR) 


A foil type tantalum capacitor | 

in its most economical form. i Sintered Slug and solid electrolyte 

Temperature Range: | construction. 

-25 to+70°C. *, Oro 

Voltage Range: Temperature Range: -55 to+85°C. 
3 to 25V. d.c. Voltage Range: 6 to 35V. d.c. 


ogee sae ¥ to 16uF. Lo Capacitance Range: 1t0220-F. 
i | 





' 


| ba 
eee Wed 


Write for details of the above Capacitors to: 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
PAIGNTON - DEVON 

















COMPONENTS 


d 
farsi CAPACITOR DIVISION: BRIXHAM ROAD 
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NOW 


Eightar Connector B8H Cat. No. VH 68/81 


Eightar Connector Assembly with component mounting tags 


Eightar Connector with component mounting tags and four 4” sockets 


These Clix Eightar Connectors have been designed 
specially for the new 110° CRT’s. They cut down the 
overall depth of the tube assembly and make even slimmer 
cabinets possible. For example, No. VH 78/81, designed to 
be wired from the tube side entry, is less than } in. deep 


including contacts. If you’d like samples of all or any of 


‘ELI QUALITY COMPONENTS 
AT COMPETITIVE PRICES 


Eightar Connector Assembly with component mounting tags 


pee Ne 
» ae 


ag 





CILIX EIGHTAR 
CONNECTORS 
FOR 

110° CRT’s 


them, just say the word. Say the word, too, if you'd like 
samples of any particular type of Clix valve holder, polytag 
or similar component. Increased production facilities and 
improved manufacturing techniques let us offer Clix quality 
at a price that will help you to get your own product prices 


down to a fighting figure. 


ElLIlXX ELECTRONIC COMPONENTS 


Associated Electrical industries Limited - Radio & Electronic Components Division - 155 Charing Cross Road - London WC2 - Tel: GERrard 9797 
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The Roband philosophy of power supplies 
is to provide exactly your specific requirements 
in units of lasting reliability. Roband probably 
manufacture the widest and most comprehen- 
sive range of power supplies available 
anywhere today. Unrivalled Roband reliability 
is built into the power supplies by unstinted 
use of high grade components, interservices 
approved wherever practical, and by consis- 
tently underrunning them —transistors for 
example at never more than 50% of manufac 
turers’ ratings. Painstaking Roband 
engineering ensures ample ventilation and 
mechanical strength for the severest conditions. 


HNN 


\ 
t} 


Model T109, pre-set 0(nominal) - 50V max, 2A 


Ml 


All outputs are isolated to provide highly stabilised 
positive, negative, or floating supplies with negligible 
ripple. 

Open chassis units are supplied pre-set to any voltage 
from zero nominal to maximum, a pre-set control 
allowing a small variation. Any other voltage can be 
obtained by simple adjustment within the unit. 


HON 


Model Till, variable 0-50V, 1A 
STUN 


HAE 


4 





D.C. Output Effective Voltage . , ‘ Price 
Model | Volts | eee Reslatanee Stability Ripple Size Weight en-Werks 





T SERIES OPEN CHASSIS PRE-SET VOLTAGE UNITS (Mains 200/250V A.C. 100/125V models available) 


T98 6V—18V 0-5A 0-080) 1% Imv 53” = 23”= 4” he. 32 ibs 
TI00 30V max 1-0A 0-030 0-1% imV 7i°= 44°59" he 54 Ibs 
T108 50V max 1-0A 00522 0-1% ImV Bi" = 54° x 6E" he. 8 Ibs. 
T109 50V max 2-0A 0-0502 0-1% imV 109” x 54” x74" he. 
THO 30V max 5-0A 0-010 0-1% ImV 134" 84° < 72" he. 
Tii4 30V max 100A 0-010 — 0-1% imV 17” « 10" 84" he. 


Please order as follows: Type No./Voltage required. For example: T109/45 is a 45 volt 2A unit 
































T SERIES FRONT PANEL VARIABLE UNITS (Mains 200/250V A.C. 100/125V models available) 
199 30V 0-5A o1n 1% ImV 93° 54° 5S" he 
TIO1 50V 1-0A o1Q i% ImV 134° x 10)” « 937 he 
TI02 30V 2-0A 0-052 1% imV 164” x 104° « 103° he 
TI03 30V 1-O0A 0-050) 1% imV a 134° x 104° « 937 he. 


30V 1-0A 0-050 1%, imV 
tT 104 30V 1-0A 0-050 
Ti0s 


if ny 164” x 104” x 103” he 
50V 2-0A q 0-052 1% ImV 163” « 104” x 102” he 
TI0é 1-0A o1rQa 
Ti07 


1% 2mV #214" x 14g" x 1187 he 

2-0A 0-070 1% 2mV #214" = 1447 1127 he 
Til 5-0A 0-012 1% mV #214” x 184" = 112” he. 
THi2 10-0A 0-012 i% mV 214” x 204” x 134” he. 
Ti 0 20-0A 0-010 


1% 2mV *214" x21" x 162” he. 
*Panel and chassis withdrawable to fit 19” rack +Note that T104 has two independent floating sections. 


TRANSISTORISED REGULATED POWER SUPPLIES 


ROBAND 
ELECTRONICS MADE AND GUARANTEED BY 


LIMITED 
Beulah Works, Beulah Road, {eo ae 34.) D 


Thornton Heath, Surrey 
Telephone: LiVingstone 6606/7/8 
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“mM” SERIES 
206 mA Unit 


& 
= 


EME r 
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“mM” SERIES 
18 A Unit 


SUA TAEADAEAAANUAUATAEU A AOU EU ADUEA AALAND ETA 
SAUTE TAAA EAA AAA EAA AAA EAA 


VULVAVUDRSUEDAAUAUAEUGUEDUEU AED AGUADUEUEDUGAEL ETAT EEE EA 
STULL ULL LLU LULL 


ltr 


“B’’SERIES 
500 mA Unit 


STUUEU DAV EATAL EAN AT EA AADA ATAU 


SUUUEVUALTUUTUAUU ETA AET UEDA ATA ALATA ET 


ai 


FOAUHNOOOGUUOVEUAOGAOUOAAAEOAAOOMOGEAADEAAO AAA AEH 


V50-50 


I 


a 


rn 


5 
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M series open chassis units 


Since their introduction some years ago, these chokeless supplies 
have firmly established their superiority over more conventional 
circuits. 


Their smaller size—excellent high frequency performance and 
stable operation down to at least | c.p.s.—reliability at elevated 
temperatures and safe operation for +10°% mains changes— 
coupled with the highest engineering standards confirm the 
““M”’ Series as the first choice in stabilised units. 


M series front panel units 


The front panel units have been designed for use with standard 
19” racks. The panel is finished in B.S.S.632 grey (or any other 
colour at no extra cost) and houses the handles, mains and H.T. 
switches, fuses and indicator lamps. The input and outputs 
terminate on Plessey Mark 4 connectors (or any suitable alterna- 
tive if requested) at the rear of the chassis. 


B Series rugged reliable units 


Probably the most advanced series of open chassis units available 
today and characterised by an extremely rugged construction 
and a line-up of interservices approved reliable valves. The input 
and outputs terminate on Plessey Mark 4 connectors (or any 
peer col alternative if requested) and a mains selector panel is 
included. 


A compact welded rectangular ramework of extruded angle 
aluminium alloy rigidly secures the ‘C’ core transformer and 
the 14 S.W.G. chassis housing the electronic sub-assembly. 
Because all the vulnerable components are located within the 
framework the risk of accidental damage is greatly minimised. 
The framework contains anchor nuts which facilitate mounting 
the units in a variety of ways. It is permissible, for instance, to 
secure any two units side by side to a standard 19” x7” front 
panel. 


High efficiency silicon junction rectifiers, series valves operating 
as pentodes and a ‘C’ core transformer to H2 specification 
ensure a minimum temperature rise within the unit. Insulated 
carbon and vitreous wire-wound resistors are used throughout 
and the conservative design permits continuous operation at 
full load even when the mains are permanently +10% from 
nominal. 


V series regulated variable voltage units 


A range of regulated variable voltage supplies for use on the 
bench or standard 19” racks. Minimum weight and low internal 
heat dissipation are obtained by using chokeless circuits, ‘C’ core 
transformers, silicon junction rectifiers and series valves 
operating as pentodes. 


V50-50 An exceptionally stable decade controlled 0 to 500V 
500mA unit. A fixed 250V 50mA negative rail and two 6-3V5A 
centre tapped windings are included. 


The decade system enables the output to be changed incre- 
mentally with a much greater accuracy than that obtained by 
normal methods. 

Price £137-10-0 ex-works 


VACUUM TUBE 


V50-20D A 0 to 500V 200mA (restricted to}i50mA below 
200V) unit of moderate performance. A regulated variable 
negative rail from 0 to 85V via a 100K potentiometer and two 
6-3V5A centre tapped windings are included. A coarse control 
varies the output from 0 to 500V in one continuous sweep and 
a fine control is included. Price £69-10-0 ex-works 


2V35-25 A very compact unit containing several regulated 
output voltages. There are two 0 to 350V 250mA sections which 
may be operated separately, in parallel or in series. Each section 
has a coarse control to vary the output from 0 to 350V in one 
sweep and a fine control is included. A fixed 250V 50mA rail 
and two 6-3V5A centre tapped. windings are provided. 


Price £175-0-0 ex-works 
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Model 


0.C. Output 





Volts 


Current 


A.C. Outputs 


Effective 
Resistance 


Vol ; 
Stability | nivpte 


Weight 


Price 
ex-Works 





_ M23 





an 





OPEN CHASSIS UNITS 


(Mains 200/250V A.C. LISV 


models availabie) 





mA 


Nil 





0-20mA 


Nil 





“| 6-3V2A & 6-3VIA 


~~ 6-3V2A & 6-3VIA_ 








—.) Sheet. . 


A | 2x63V5A CT. | 


6-3V2A & 63VIA 


2x 6-3V3A C.T. 


2x6-3V3A CT. 


"2x 63V3A CT. 
~ 2%63V3A CT. 
| 2x6-3V5SA C.T. 
~~ 2 x6-3V5SA CT. 
~~ 2x6-3V5SA CT. 
2x6-3VSA CT, 
2x63V5A CT. 


~~ 2x 6-3V5A CT. 





2x63VS5SA CT. 





6-3V2A &63ViIA | ¢ 


2x63V3A CT. “| 
(| 2X 63VA CT. 
2x6-3V3A CT. 


2x63V3A CT. | 





O19 


0.02% ImV¥ 
0-02%, imV 
~ 002% | imV 
a imV 
imv 


~ 90-02% 

~ 0-02% 
002% 

002% 
002% 

~ 902% 
0-02%, 
002% 
002°, 
~ 0-02°% 


ImV 
“imV- 
imV- 
~im¥ 
ImV 
ImV 
imV 
ImV 
imV 
“TmV 
imV 
imV 
imV 
imV 
~imV 
ImV 





ImV 








imV | 


2¢ Ibs. 
24 ibs. 
6 ibs. 
6 Ibs. 

~ 6 ibs. 
6 ibs. 
14} ibs. 


129 ibs. | 


129 ibs. 
123 Ibs. 
123 Ibs. 
20 ibs. 
20 Ibs. 
20 ibs. 
20 Ibs. 
20 Ibs. 


354 lbs. | 


35% lbs. | 
35} ibs. | 
29 ibs. 

29 ibs. 
29 ibs. 








79 ibs 


£26 


60 


“fe 0-0 


27 
~ 27 
027 
~ £27 
~ £63 
033 


~ £33- 


£33 
£33 
£52 
£52 


~|__ €52 


52 
£88 
£88 
£88 

~ £88 
£66 
166 
£66 
£66 


10-0 
10-0 
i0-0 
10-6 
00 
10-0 
10-0 
i00 
i0-0 
10-0 
10-0 
i0-0 








M SERIES FRONT PANEL UNITS 


(Mains 200/250V A.C. 


11SVv 


models available) 





26 
~ M26A_ 
~ M36 
M36A 
~ M27 
M27A 
M37 
M37A 
M29 
M29A 
~ M39 
M39A 


+ 150V 
+ 200V 
~ +250V 
~~ + 300V- 
+ 150V 
+ 200V" 
+250V 
£300V 
L150V 
~ +2000 





“+3000 


$250V— 


“| 5O0mA-1A— 





30-500mA 
~ @-500mA 
~ 0-500mA 


4 


0-10A 


sce 


~OT0A 
~ 100mA-2A_ 
i es 
~~ 0-2-0A 


__0-500mA 


TXIVSA CY. 
Me 
2x63V5A CT. 


~ 2x63VSA CT. 
~~ 2x63V5A C.T. 
~ 2x63V5A CT. 
<63V5A CT. 
X6-3VSA CT. 

~ 2x6-3VSA C.T. 
~~ 2x6-3V5A CT. 
~ 2x6-3V5SA C.T. 








" O6aA 


- 2x 63V5A C.T 


0-02 
0-02 
~ 0-02 
0-02° 
0-02° 
0-02° 
0-02 
0-02 
0-02 
0-02 
0-02 


imV 
“ImV 
ImV 
ImV 
ImV 
ImV 
ImV 
imV 
imV 
ImV 
ImV 











~ 0.02% ImV 





46} Ibs 
46} Ibs. 
46} Ibs. 
46} ibs 
504 Ibs 
50% Ibs 
50} Ibs 
504 Ibs 
824 Ibs 
824 Ibs. 
82} Ibs 





82} Ibs 








B SERIES RUGGED RELIABLE UNITS 


(Mains 200/250V 


A.c. & 


100/125V A.C.) 





Bi01/150 
~ B101/200 
Bi01/250 
8101/300 
Bi01/350 
B102/150 
~ B102/200 — 
~ B102/250 
~ B102/300 


~ B103/200 
~~ _B103/250 
~ B103/300 

~ B103/350 





~~ B103/150 | 


+ 150V— 


___+250V i 
+ 300V 





z 200V owe 


op t 350V— 


30-150mA 
~~ 0-150mA 
“0-150mA 
~~ 0-150mA 
~~ 0-100mA 
~~ 30-300mA 
~ 0-300mA 
- 0-250mA 
~ 0-250mA 


~~ 30-500mA 

~ 0-500mA 
~~ 9-500mA 
~~ 0-500mA 
~~ &400mA 





~ 0-200mA 


~ 2x6-3V3A C.T. 
~~ 2x6-3V3A C.T. 
~ 2%63V3A CT. 
~~ 2x6-3V3A CT. 
~ 2x 63V5SA CT. 
~ 2x6-3VSA C.T. 
~~ 2x 6-3V5A C.T. 


2x6-3V5A C.T. 
~ 2x63V5A CT. 
"2X 6-3VSA CT. 
Y 2x6-3V5A CT. 
| 2x6-3V5A CT. 


2x63VSA CT. 
2xX63VSA CT. | 








'Q 
iQ- 
ia- 
ia 
~ OA 
OT 2 
ia 
ia 
iQ- 
ia 
ia 
£B 
iQ” 


_0 


| 
ojo 


| 


2° 


lele 


} 
' 


| 


el olo|o co o/°o 


~ on 


0-02 TmV 
0-02 ImV 
0-02% imV 
0-02% ImV 
~ 0-02! imV 





0-02°% imV 
0-02", imV 
~ 0-02° imV 
0-02° imV 
0-02° imV- 
0-02 imV 
~ 0-02 imV 
0-02° ~ tmV 
0-02° ImV 


as 





002%, 








imV | f 


«7h x 64" he. 
7h" x 6" he. 
~ OR" x TE" x 6S" he 
9" x 7h" x 64" he 
OR" x 7h" x 6h" he 
14h" & 7h" x OF" he 
144” x 74" = 6} hie. 
1 4e" x 74" x GF" he 
"144" x 74" » 
14)” x 74" x 64" he. 
164” x8" = 64” he 


y 
9} x 


6)" he. 


16)” x8" =< 6h" he. 
6)” x8” < 64" he. 
x 
164" x8" x 6h" he. 


<6)" he. 
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Co-ordinate Positionin 
-at a glance! 








BRITISH 


TURRET PUNCH PRESS MODEL R.61 


This heavy duty press is designed for rapid, accurate and economical 
piercing of blanks up to 100” x 60” with minimum handling of the material. 
No marking-out is required, all apertures being located by co-ordinate 
settings. The blank is positioned relative to the punch by two handwheels, 
one controlling lengthwise and the other crosswise dimensions, which 

can be read at a glance from direct reading counters. A chart indicates 

the next settings and the turret position also. Up to 6” dia, can be 

pierced in 4” mild steel plate. 

Throat depth 33”. 26 turret stations. 


Maximum punch dia. 6”. Punching pressure 80,000 Ibs. 
Motors: 3 HP. main, 4” HP. turret. 


Send for illustrated brochure EE/197 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel WESTERN 8077 (8 lines) ~ Telex: 23182 Grams. ACCURATOOL LONDON TELEX 
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Honeywell Series 2 Lighted Pushbutton Switches 


Save space 
on the 


‘aiceaientonaiamiantoetatantaatantatantatan 


WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited, 

Ruislip Road East, Greenford, 
Middlesex. Waxlow 2333 


I am interested in your new Series 2 
development. Please send me 
Catalogue 67A 

Name 

Company 

Position 


Address 


Sales Offices in the principal towns 
and cities in the United Kingdom and 
throughout the world. 


JANUARY 1961 (Pp) 


Pushbutton, lighted and labelled screen and switch as 
a single unit... this Series 2 development is 

an entirely new concept in micro switch design. 

The illuminated screen is the pushbutton. It can be 

in any of five colours, or combinations of any two. 
Four-pole switching can be provided on a single pushbutton. 
The panel space saving potential of Series 2 is 
tremendous. Units can be mounted singly, or combined 
in rows or columns simply by clipping together and 
snapping into the panel as a group. Installation is easy 
in any type of panel—graphic flow panels, test panels, 
annunciator panels and panels associated with 

data processing systems, business machines, computers 


and scientific instruments. 


Honeywell 
|) Fit we Miow Quwitthe- 
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Report from the General Electric Company, U. S. A.* 


Now! General Electric Tunnel Diodes 
Are Available In Production Quantities! 


Built to Tight Tolerances... Low Capacitance for High Switching Speed 


Pioneered by the General Electric Company of the 
United States, this newest arrival in the fast-growing 
family of electronic devices is smaller, simpler, and 
many times faster than a transistor. It takes ad- 
vantage of quantum mechanical tunneling to attain 
unique negative conductance and very high fre- 
quency performance. 

Tightly controlled parameters, low capacitance and a 
high peak-to-valley current ratio are three outstanding 
features of General Electric’s tunnel diode, now 
available for the first time in production quantities. 


General Electric germanium tunnel diodes provide 
switching times of two millimicroseconds and resis- 
tive cutoff frequencies of two kmc. These devices 
offer good temperature stability, extreme resistance 
to nuclear radiation, a closely controlled peak-point 
current with a peak-to-valley ratio of 4.5 for the 
lower priced 1N2941A. For more complete informa- 
tion contact International General Electric Company 
of New York, Ltd., Lincoln House, 296-302 High 
Holborn, London W.C. 1, England. Or write: Inter- 
national General Electric, Dept. TDI, 150 E.42nd St., 
N. Y. 17, N.Y., U.S.A. 
*General Electric Company, U.S.A.is not connected with the 
ELECTRICAL CHARACTERISTICS (25°C) (%"" Leads) British company of the same name. 





Symbol 1N2941 IN2941A Units 





Peak Point Current Ip 1.0 1.0 ma 
Valley Point Current lv 0.10 0.15 ma 
Peak Point Voltage Vp 55 55 mv 
Valley Point Voltage Vv 350 350 mv 
Peak Point Current to Valley 

Point Current Ratio Ip 
lv 


Negative Conductance -g 
Total Capacity 2 
Series Inductance* Ls 
Series Resistance Rs 























*Inductance will vary 2-12 x 10°? henry depending on lead length. 


Cj microfarads 


Photograph of static characteristic curves taken at —5O0°C and 100°C, Distribution curve on junction capaci- 
left to right. Note consistent performance. Each division on the vertical tance of 1 N2941 showing low capacitance 
scale is 0.2 ma; on horizontal 0.1 velit. and tight control. 


LECTRIC 
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Actual size 


Stepping Relay... Rotary Switch... Relay... now all in 
one! Thorn introduce a single unit which combines all the 
features of three components, yet is only slightly larger 
than a conventional relay. 


1. Stepping Relay Ratchet driven with two cams which open 
and close double contact type springs in accordance with 
the cam pattern. 

2. Rotary Switch Ratchet driven with four banks of twelve 
points each with sliding bifurcated spring wipers. Trans- 
parent dust-cap can be fitted if required. 


For further information write to 


THORN ELECTRICAL INDUSTRIES LTD 


(incorporating Components and Connectors), Great Cambridge Road, Enfield, Middlesex. 


JANUARY 1961 


EE 29 133 for further details 


3. Standard Relay Knife-edge armature pivot operating 
contact springs and a ratchet and pawl driven stepping 
mechanism. 

Coil voltages available 12, 24, 48 and 110 volts D.C. 


The unusual versatility of this 3 in 1 unit will have wide 
application in Automation, and in counting and tallying 
operations. Automatic test equipment requiring program- 
ming, sequencing or memory storage are other practical 
uses. Relatively low power requirements make the 3 in | 
unit ideal for Remote Control and Telemetering. 


SPECIAL PRODUCTS DIVISION 
ENFIELD 5353 


1 


pTv/) 


129 ELECTRONIC ENGINEERING 





EE 29 134 for further details 


anew advanced 
system of integrated 
instrumentation 
for data handling 
and industrial 


process control 


DATAFLEX consists of a wide and increasing range of individual modular 
units capable of handling even the smallest electrical signals derived from 
transducers measuring physical quantities. Even when subjected to abnormal 
background interference, these signals can be amplified to workable size, 
compared with references, shaped and directed to provide a variety of 
control functions. Where required output can be displayed, printed out 
on paper or cards, punched tape or magnetic tape. 


Single, double, treble or quadruple modules are designed to plug into a 
common shelf which houses the equivalent of eight single width modules. 
With suitable side members, the units can be housed as a complete 
equipment on standard 19 inch racks. Alternatively, the modules can be 
enclosed in a suitable instrument case, varieties of which are available to 


form multi-layered equipments. 


The answer to the simplest or most complex data handling or process 
control system could well be DATAFLEX. 


Write now for details of this new range of instruments. 


Enquiries should be addressed to:— 


; 
> 
q 
FE 
a 


INSTRUMENT DIVISION 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W..2 
ER. 13 
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« NOTICE =e 


HEREAS it has come to our notice that 
those who labour in laboratories of 


advanced physics and such-like are given to 
uttering strange oaths and curses upon their 
works, we — The Belix Company Limited, 
situate at Victoria Road (close by the tavern), in 
Surbiton in the County of Surrey — do here make 
public our ingenious power supply devices. These 
are guaranteed to sooth the ague of uncertainty and 
henceforth cure and eliminate the evils of transients, 
uncommon large loads, or just plain bumps. Advice 


may be had in writing, or by enjoining your local 


PBX-type female person with the unique cypher 
ELMbridge 9118 and pursuant to an arrange- 
ment existing with Her Majesty’s Postmaster 
General, your problems may, on occasion, be solved 
in a trice. 

Our devices are, and will be, put together generally 
to meet the requirements of the Minister of Supply 
(or Aviation, or such other title as he may from 
time to time adopt). Talk with us today — our 


ideas are not in the smallest part archaic ! 


non SEZ noe 


The TSS $7 is typical of a wide range of Bench 
and Sub-Units currently available — 
VOLTAGE CONTROLLED AT POINT 
OF LOADING 
LESS THAN 1 mV p-p RIPPLE 


ZERO TO 50 V VARIABLE, UP TO 
10A OUTPUT 


STABILITY RATIO BETTER THAN 
2000 : 1 FOR + 7% MAINS CHANGE 


The TSS 57, a typical Bench Unit 


ee ee eee 
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47 VICTORIA ROAD - SURBITON - SURREY 
tel: ELMbridge 9118 


| 


THE NEW NAME 

IN POWER SUPPLIES — 
WITH A BACKGROUND 
OF LONG EXPERIENCE 
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RESIN 
IMPREGNATION 





of wire-wound 
components 
under vacuum 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore’resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 











LECTRONICS 


ule 


i) 
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yw HARNESSED FOR ENGINEERS 


j Z A complete range of easy to use instruments and transducers 


are now available for measuring, indicating and recording 


@ TENSILE LOADS 

STRAIN IN MACHINE MEMBERS 
DISPLACEMENT 

FLUID OR GAS PRESSURE 
SHAFT ECCENTRICITY 

GUY WIRE TENSION 

TENSILE CREEP 

DRAW-BAR PULL 

THICKNESS 


Tipe racattpalllad ti Vieille 


BE? AM Electronics BOULTON PAUL AIRCRAFT LIMITED, WOLVERHAMPTON 


JANUARY 


1961 
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The excellent electromagnetic properties of 


jegesaestcrommm AND REFINED MAGNETIC IRONS 


These special irons are suitable for 
a wide range of applications in 


electrical and electronic equipment. ELECTROMAGNETIC CURVE 


After rough machining, followed by 
annealing treatment, toroidal ring 
testing results exceeding the minima 
shown on the table, can be expected. 





” 
” 
> 
a 
~) 
fe) 
_ 
x 














FIELD STRENGTH (H) 


“sei 


FLUX DENSITY (B) 





Ampere Turns/cm 


Oersteds 


Gauss(minimum) 





3°5 

7000 SF AA 6°0 
aoa 10-0 

L ° . . 20°0 
Garg Se 50-0 
80°0 














4°40 
7°54 
12°57 
25°13 
62°83 
100°53 





11,400 
13,400 
14,600 
15,800 
17,000 
17,600 





Sar 
> REMANENCE 


9.000 (minimum) 


MIDLAND AND LOWMOOR IRON & STEEL CO. LTD. 


Rotherham. Telephone: Rotherham 4211/2/3 


MI 16 
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F9-FO99 7 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH CADMIUM - INDIUM * LEAD «- SILVER - ZINC 


These “‘ TADANAC”’ Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS LEADENHALL AVENUE * LONDON ° EC.3 
Telephone: MANsion House, 4521. 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 


























Chokeless, Open-Chassis 
Type. Paper Capacitors 


D.C. OUTPUT: Four sizes available, 100 mA output 
+150v, +200v, +250v, +300v, pre-set 
by an adjustable internal potentiometer. 


STABILITY: With mains variation +10%, <0.06%. 
RIPPLE: <2mV R.M.S. 

A.C. OUTPUT: 2x6.3v 3A centre tapped unstabilised. 
INPUT: 200/250v in. 10v steps 50/60 c.p.s. 


TRANSFORMER: Open type ‘‘C’’ core to R.C.S. 214 by 
FRASER SPELLER TRANSFORMERS 


LTD. 
DIMENSIONS: 78” x 63” x 6}” high. 
Non standard voltages can be supplied if required. 


Prices are extremely competitive and special discounts are offered for quantities. 
Write for detailed List No. 1452 which will be posted by return. 


FRASER, SPELLER TRANSFORMERS’ LIMITED 
Electronics Division, Sydenham Road, Sydenham, London, S.E.26. 
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Housings of all sizes or shapes, simp/e or complex, can best be made with 
Imlok, quickly and economically. The Imlok system of interlocking alloy 
extrusions and connectors includes many different angles, various special 
strengthening members and a host of accessories to give you a truly versatile 
method of construction 

Imiok is ideal for both your prototype and production work. ft can be bought in 
6 different stages of manufacture :— (1) individual corner connectors with 
extrusions in 12 foot lengths ; {2) connectors pre-drilled for assembly with self- 
tapping screws ; (3) pre-drilied connectors with extrusions custom cut by Imhofs 
to your lengths and mitred ; (4) framework assembled complete, ready for fitting 
your own panels; (5) complete structure with panels, but unpainted; 
(6) complete fully finished structure. Whichever way you buy Imlok you 
will reduce general costs, cut out tool costs and be certain of having exactly 
what you require—quickly 


-———. STOP PRESS! 
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Just published, Imhofs Instrument Case 
Brochure (International Edition) printed 
in 10 languages. Write for your free copy 








The Imlok Manual gives full 
details, illustrations and 
specifications of all 
components, step-by-step 
instructions as to their use, 
and suggestions on the 
various forms of unit which 
can be built with Imlok. 
Write today, for your 

free copy! 


Alfred Imhof Ltd., Dept. F.1, uoridee 37123 Cowley Mill Road, Uxbridge, Middx. London Showrooms: 112-116 New Oxford Street WCl Museum 7878 
U 37123 


IMHOFS AGENTS OVERSEAS 


ia: E.G.E.E., Paris (19) Finland: Oy Scienta Ab. Helsinki Morocco: £.G.£.E., Paris (19) Switzerland: Walter Blum, Zurich 2/39 
Australia: Aladdin industries (Pty) Ltd, France: £.G.£.E., Paris (19) New Zealand: |marex Ltd, AucklandC3 Tunisia: £.G.E.E., Paris (19) 

Stanmore NSW Germany: Sunvic Regier GMBH Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 

Beigium: Rogelec, Ghent Solingen —Ohligs Portugal: Projectos e Construgées Lda, Gosund 3, Ohio 


Al 


t Measurement Engineering Ltd, Holland: |. Th. van Reijsen, Delft Lisbon 


Guiana: 


Arnprior tealy: Stuart Culley Milan South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltc, 


Copenhagen N 5.A.,Mexico D.F. 


wmark: Tage Schouboe, Mexico: Aluminio Arquitectonico, johannes 
Sweden 
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: Electroniund AB, Malmo C 
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H. C. COPPER 


EXTRUDED AND DRAWN 
SECTIONS 


All shapes for electrical 
and other purposes 


BOLTON’S PRODUCTS include copper and 
copper-base alloys in the form of wire and strand, 
bar and rod, sheet, strip and foil, 

busbars, commutator, segments 

and tubes. 





THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancashire 
Telephone: Widnes 2022 


London Office & Export Sales Dept: 168 Regent St., W.1. 
Telephone: REGent 6427 

















platform * gear * torque ° differential - breadboard 


i 


=~ gervokits 


split hub 





_ . solve your mechanical problems in the develop- 


ment of servomechanisms by supplying spur and 
bevel gears, differentials with interchangeable end 
gears, mountings for synchros, dials, shafts, coup- 
lings, bearings and platforms in comprehensive 
constructional kits, or as individual parts for the 
mechanical designer or servo engineer. 








Over thirty different precision Servokits are 
available for Experimental, Development, Research 
and Educational use. 





Send for illustrated catalogue 
PIONEER DESIGNS LIMITED, SERVOKITS DIVISION, 
6. HAMPTON COURT PARADE, EAST MOLESEY, SURREY. Phone-Molesey 2810 
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ore ‘Melinex’ 
in 1961 


1.C.1. build new plant to produce 
2,000 tons of ‘Melinex’ film per year 


N JANUARY 1961, a new ‘Melinex’ polyester 

film plant will start production at Dumfries 
with a rated capacity of 2,000 tons/year. I.C.I., 
who are the sole manufacturers of polyester film 
in this country, have been selling ‘Melinex’ for 
some years. The demand has increased rapidly 
and I.C.I. have been allowing imports of 
American and Continental film to supplement 
their limited production. The new plant will 
remove the necessity for such imports. 

More and more firms are appreciating the 
outstanding properties of ‘Melinex’ film. Its 
unusual clarity and strength (both mechanical 
and electrical) combined with its great dimen- 
sional stability and resistance to heat and chemical 
action, are improving a very wide range of 
products throughout industry. 


‘Melinex’ 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Where ‘Melinex’ film is now being used : 
The Electrical Industry —in coils, capacitors, cables, 

recording tapes and loudspeakers. 

Drawing Offices—as a flexible, durable and dimen- 
sionally stable drafting film. 

Display —in metallised form for tinsel and as coloured 
tapes and panelling. 

The Book Trade—for protecting covers and as a base 
for hot stamping foils. 

Footwear & Leather goods—in metallised form for 
shoes and fashion accessories. 

The Food Industry—for improving the sales appeal 
of goods and for ‘boilable’ packs. 

The range of uses for this versatile film will 
widen considerably in 1961. If you would like further 
information or wish to discuss a possible application 
for ‘Melinex’ film, please write to 1.C.1. Their Tech- 
nical Service staff will be pleased to give advice and 
techmical assistance. 


‘Melinex’ is the registered 
trade mark for the polyethylene 
terephthalate film manufactured by 1.C.I. 


LONDON 
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MINIATURE STABILISED 


POWER UNIT 


TECHNICAL SPECIFICATION 


: 200-250v AC 
: Two 4-pin sockets 
: 0-100 mA shared between sockets 


Mains Input 
Outputs 

Output DC Current 
Output DC Voltages : 150v 200v 250 

Regulation : 015%, 0°025%, 0°025%, 

Voltage stabilization Ratio : 0-1/5 0-075/5 0-075/5 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 63V, 2A at each socket 

Size : 5)” x 5}” x 5}” 

Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


PAMPHLET No. 1241b ON REQUEST 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. 


ANNIESLAND, GLASGOW, W.3 
London Office: Kinnaird House, | Pall Mall East, $.W.! 














hor vibration anclupis and for behaviour studios in 


D.C. DUAL-TRACE OSCILLOSCOPE TYPE 1203 


10 M Q input resistance on 


The D.C. Oscilloscope type 
L203 by Mullard Equipment is 
a dual trace instrument employ- 
ing two similar Y-amplifiers 
each having a band width from 
D.C. to 200 kc/s and a maximum 
sensitivity of 3 mV/cm. 


Properties and features: 


@ Full D.C. to 200 kc/s band 
width at all sensitivities. 


Y-amplifiers. 

@ Jitter-free time-base with 
excellent synchronising and 
triggering facilities. 

@ Stabilised H.T. and heater 
supplies minimise zero-drift 

@ Built-in measuring facilities 
accurate to +5% voltage and 
+10% time. 


The L203 Oscilloscope is essentially two complete instruments 
in one. The dual-trace facility is obtained by means of a 
beam switch which couples each Y-amplifier in turn to the 
cathode ray tube. The latter, employing post-deflection 
acceleration and a long persistence screen, provides a brilliant 
4 in. square display. On time-base ranges of 30 ms or shorter, 
the input to each amplifier is displayed on alternate sweeps. 
For longer durations the beam switch operates at 50 kc/s. 
When desired single beam operation can also be employed on 
eitherchannelin whichevent fly-back suppression is automatic. 


The L203 Oscilloscope is a cleverly conceived instrument well 
engineered and trouble-free. Write today for fully descriptive 
folder. 


Sole distributors in U.K.: 


RESEARCH & CONTROL INSTRUMENTS LTD 
Instrument House, 207 King’s Cross Road, London, W.C.1. Telephone: TERminus 2877 Telegrams: RACIL KINCROSS 


(RCL0430) 
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Before 


Specifying 


materials 


consult 


this record 


Design with Nickel-containing MAGNETIC MATERIALS 


Send for a free publication ‘Nickel-containing Magnetic Materials’ 
My THE MOND NICKEL COMPANY LIMITED: Thames House - Millbank - London §$ 
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microcell electronics 


invite you to visit 

a display of their 

latest achievements 

in electronic engineering 

which will be held at 

Hancock House, 

Vincent Square, 

London, S.W.1 

January 16-20th, 10 a.m.-5.30 p.m. 


BUS ROUTES, ETC. 
Victoria Street—10, 11, 24, 29, 39, 46, 76, 134 


Vauxhall Bridge Road—22a, 36a, 36b, 57, 181, 
185, 186 


Horseferry Road—10, 46, 70 (peak only) 


UNDERGROUND STATIONS 
St. James Park, Victoria 


Tickets may be had on application 


A division of Microcell L's. BLACKWATER, Nr. CAMBERLEY, SURREY 


Tel.: CAMBERLEY 3461 
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—digit precision in perpetuity 


Transistorisation enables Blackburn to provide 
this extremely compact, light and portable, high- 
precision digital voltmeter. A unique provision is 
the facility to check and recalibrate the instrument 
to Standard Laboratory accuracy, by the move- 
ment of a single control and without the assistance 
of other equipment. 


The B.E. five-digit voltmeter can sample input 
voltages automatically at repetition rates up to 5 
per second, or sample only on demand. It can also 
be used as a ratiometer, and in either mode it re- 
tains its long-term accuracy of better than 0.01% 
of full scale, for any of the five automatically 
selected ranges. 


A parallel output is available for driving an in-line 
strip printer or other write-out equipment. 


SPECIFICATION 


Display 


5 decimal digits projected in 
line, with decimal point 


Polarity selection Automatic, with red/black 


Accuracy 
Range 


Resolution 


colour change 
+ 0.01% of full scale 


+ 10 microvolts to + 1000.0 
volts in 5 ranges 


1 in 40,000 


Conversion time 90 milliseconds maximum 
Input impedance 20 megohms on all 5 ranges 
Internal reference 2.038 volts from 2 Weston cells 
External reference 20 volts D.C. 

Power supplies 200/250 volts, 40 to 60 c.p.s. 


Size 
Weight 


0.9 amp 
9” x 19° x9 
30 Ib. (approx.) 


5 - digit Transistorised 
Digital Voltmeter and Ratiometer 


For full particulars please write to 


TYPE BIE 2116 


BLACKBURN ELECTRONICS LIMITED 


BROUGH YORKS 


Member Company of the Hawker Siddeley Group 
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TELEPHONE: BROUGH 121 
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a new high resolution panoramic 








ELECTRONIC 


James Scott cyeiccring Ltd 


68 Brockville Street, 
Carntyne Industrial Estate, Glasgow, E2 


Telephone: Shettleston 4206/9 
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AA 900 
Compact, modular 
construction; integral 
power supply 


soreMenton) WIDEBAND DG AMPLIFIER AA 900 


Fa Specially designed for distortionless amplification of low level 


(uV and mV) signals. E.g., outputs from strain gauge pressure 
transducers and thermocouples. 


20 to 2000 x variable gain (in 10 stepped ranges) 

1 x to 2 x gain variation on each range 

Gain accuracy + 1% (to 2 kc/s), + 3% (to 10 kc/s) 
DC — 40 kc/s (-3 dB) frequency response 


The highest possible gain stability with a unique chopper 
stabilising circuit 

High power output at low source impedance 

Optional isolation from ground to minimise ground loop problems 


BRIEF SPECIFICATION Gain Ranges: 20, 30, 50, 70, 100, 200, 300, 500, 700, and 1000 x 


(2:1 gain variation on each range) 
Linearity: Better than0-1%to2kc/s 
Frequency response: <3 dB down at 40 kc/s 
Zero Drift: < + 2 yuV for 40 hours when used with regulated mains 
supply 
< + 5yuV change with + 10% change in mains supply 
Equivalent Input Noise: < 6 uV pk-pk (DC—3 c/s) 
< 5yuVr.m.s. (DC—750 c/s) 
< 12 uV r.m.s. (DC—50 kc/s) 
DC Output Limits: + 35 Vintoloads >1ka 
+ 35 mA peak current 
Dimensions: 23” x 7%" x 14%” (73x 20x 37-2cms) 


Write for full details: SOLARTRON LABORATORY INSTRUMENTS LTD 


Cox Lane, Chessington, Surrey. Telephone : LOWer Hook 2150 
Cables: SOLARTRON CHESSINGTON ~* Telex : 23842 SOLARTRON T. DIT. 
> A member of the Firth Cleveland Group 
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DING 


olencifQ | 


“Cynthia, darling, be reasonable ; nobody told me Westool 
had such a whopping big range of solenoids, they simply 
said get Westool ... they’re so compact, utterly, utterly 
reliable. Seems they’re tested and re-tested at every stage 
of manufacture. What a frightful bore! Still, I expect 
it’s one reason why Westool solenoids are so jolly good. 
Steady, old girl! We shan’t be long now, we've got the 
D.C. Pull and Thrust models, we’ve only to collect their 
A.C. Types. Cynthia—really !” 


Westool solenoids, entirely self contained, can 
be fitted into any control system—remote, auto- 
matic or push button. Action instantaneous 
and certain. Write for full technical details. 


the best buy of all 5 


WESTOOL LTD., St. Helen's Auckland, Co. Durham. 
Telephone: West Auckland 551 (6 lines). Telegrams: Solenoids West Auckland. 
LONDON: 2, Ashley Place, Carlisle Place, S.W.1. Telephone: Victoria 7301-2. 


BIRM!NGHAM: Silhill House, 2241 Coventry Road, Sheldon, Birmingham, 26. 
Telephone: Sheldon 5121-2. 


Q 
) 


WESTOOL) 


— 
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wherever 
radar and missile 
systems are in use 
you'll need 


Saws 
FERRITE 
COMPONENTS 


FERRITE IiSOLATORS 


The Sanders range of ferrite devices includes the TBI. series, the F series, 
and the MF. lightweight series for airborne applications. 

The TBI. range is designed to give adequate isolation over the full 
frequency band for the waveguide size. or medium and high power 
levels the F series is eminently suited, giving a 12% bandwidth about 
the desired centre frequency. 

The Sanders Group of Companies is actively engaged in a full ferrite 
development programme and welcomes enquiries for such devices as 
Y-type circulators, phase shifters, ferrite switches and similar 
components. 


—_—— - — - ee —— a 





T 
Waveguide Size Frequency Range } Type No fsolation db | Insertion Lossdb | \ Power Handling 
sigusthiabniscniosiaie vsetittehepeigai inne ‘ aba Oe ae © 


WG. 16 | 8.20-12.4 kMc/s TBI16/30 | 1.25 . 15 W | £85. 





WG.14 | = 5.85-8.20kMc/s | TBI14/30 | 1.25 ; 20 W £105. 
WG. 12 3.95-5.85 kMc/s | TBI12/30 |; 1.50 ; 20 W £112. 
WG. | 2.60-3.95 kMc/s | TBI10/30 1.25 25 W | £125. 
WG.16 | 8.60-9.60kMc/s | F.16/20 | 20 0.7 mY | 100kW/100W £35. 

* WG. 16 8.50-9.60 kMc/s | MF. 16/20 | 0.6 | SOkW/25W | £35. 

+ WG. 2.70-2.90 kMc/s | F. 10/10 0.5 | sMW4kW | £350. 

| + Wa. | 2.85-3.05kMc/s | F.10/10 | 10 | SMWA4kW | £350 





* Note: The MF.16/20 is a lightweight device for airborne systems applications. + Note These Isolators are wate 


Isolators for waveguide sizes 22 (26.50—40.00. kKMc/s) and 18 (12.40—18.00 kMc/s) for both TBI and F series are under 
development 


THE 
This is one of a series on CHALAL. 
instruments and components by 
GROUP OF COMPANIES 


W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD STEVENAGE * HERTS 


Telephone : Stevenage 981 Telex 82159 Sanders Stev 
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Reng i oy-\ ame for EVERY 
ele). tl en te] tm conceivable application 


AIRCRAFT ENGINE, INSTRUMENTATION, INDUSTRIAL AND GENERAL 
ELECTRONICS APPLICATIONS—THE MS SERIES CONFORMING TO MIL-C-5015D 


The MS and MS related series can provide connectors with the following characteristics :— 
High-temperature, vibration-proof, lightweight, environmental, radiation-resistant, potting, 
bulkhead, hermetically sealed, splashproof, waterproof. They are available with from 1 to 100 
contacts, 15 different insert diameters from ;” to 24", over 260 contact layouts, 6 shell styles, 
current rating from 10 to 200 amps, working voltages from 200 to 50,000 volts AC. Contacts are 
precision machined from high quality copper, silver plated to ensure low contact resistance. 
All other components are manufactured to extremely high precision standards and provide the 
utmost in reliability 


GENERAL CIRCUITRY AND INDUSTRIAL APPLICATIONS—THE K AND RK SERIES 


A general purpose, rugged durable range, offering:— Acme coarse thread coupling; conduit or 
cable clamp entry, lightweight construction. Available with from 1 to 110 contacts, including 
coaxials, in eight different insert diameters from 4” to 24”. There are 7 basic shell styles accom- 
modating more than 220 insert arrangements with current ratings of from 10 to 200 amps and a 
variety of voltage capacities. Contacts are brass, silver plated; Insulators of high quality phenolic, 
melamine or formica. Shells are cadmium plated aluminium alloy. Hermetically sealed types 
available with steel! shells. An audio/video series is available in this range. 


UNIT-PLUG-IN RACK PANEL APPLICATIONS:—THE D AND DP SERIES 





This rectangular range of connectors permit rapid disconnection, interchange, replace ment, 
testing and inspection of assemblies and sub-assemblies. Designed for “rack and panel” 
applications, both mating halves can be rigidly mounted, or one can be cord connected if required 
There is a vast range available including hermetically sealed, pressurised and environmental 
types. 2 to 224 contacts can be provided in rectangular inserts ranging in size from #" x 4° 
up to 2?" x 44", with a great variety of current and voltage ratings. 








AUDIO VIDEO AND LOW LEVEL CIRCUIT APPLICATIONS 


Six different ranges are available which can primarily be identified by their latch-lock coupling 
mechanism, a device which permits rapid positive engagement whilst preventing accidental 
disconnection of trailing cables. Rugged cylindrical shells permit use under arduous service 
conditions. 1 to 18 contacts, with current ratings from 10 to 30 amps are provided in insert 
diameters 1° or smaller. 











MINIATURE AND SUBMINIATURE SERIES 


These ranges of connectors are already extensive but are continually expanding due to current 
weight-space limitations of modern flight. Designed for amplifiers, miniature indicators, computor 
circuits, telemetering equipment and general instrumentation. The majority of contacts are 5 amp, 
gold plated copper. From 3 to 54 contacts are obtainable with miniature coaxials in some series 
Rectangular or circular types. Maximum insert sizes are #4” x 1%° for rectangular series and 1” [ 
diameter for circular. Hermetically sealed and environmental types available. , 





“AAA yu 


RADIO FREQUENCY COAXIAL SERIES 


Available in a wide range of Series and types including subminiatures, MB-SM, HN, N, BNC. 
The latest development is the new aluminium series of R.F. connectors and adapters designed 
for use with semi-flexible aluminium sheathed cables, where weight saving is a critical design 
criteria. Currently available are types TNC, N, C, SC, LT and LC plugs and jacks. 


OTHER SERIES AND APPLICATIONS 








Cannon Electric international Inc. also has available connectors for the following applications :— 
Guided Missile Launching, Battery and Power Supply, Laboratory and Switchboard, Printed 
Circuit, Monometer air line, Buffet and Aircraft Galley. In addition there are comprehensive 
ranges of AC and DC Solenoids, and “Kwik-Term” Subminiature, feed-through and stand-off 
terminals. A brand new development is the “Morpho"—a multi-pin, modular connector of 
hermaphrodite construction. Has crimp contacts. Is ideally suitable for commercial applications 
where space, ease of wiring and neat external appearance are critical factors. 


For additional information on any of the series referred to above or if you have any specific Largest facility 


connector problems write, quoting EE to:— in the world for 


PLUG 


CANNON ELECTRIC INTERNATIONAL INC. SRtRSSTSRSRENECCSTo 


BS LAA TTT MAREE 
SS ACA NS LTE: RM MANUFACTURE 


168/172 Old Street, London, E.C.1. Telephone: CLErkenwell 4954 (6 lines) or, for a// European 
requirements to:— 79 Boom Straat, Bornem, Belgium. Telephone: Antwerp 770614 
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INTERNATIONAL specialise in producing high stability Zener Diodes 
and assemblies to give stable voltage reference for instrumenta- 
tion and servo systems. 

Single diodes are available from 1/2 to 10 watt rating and 
3.9 to 27 volts. with temperature stabilities down to .03% per 
degree Centigrade. 

Of particular interest are reference elements which comprise 
compensated diode assemblies and give 8.4 volts D.C. with 
stability of + .00i°, per degree Centigrade. 





INTERNATIONAL RECTIFIER COMPANY 


(GREAT BRITAIN) LIMITED - OXTED - SURREY - Oxted 3215 


Associate company of International Rectifier Corporation U.S.A. and The Metal Industries Group, Great Britain 


Gac 
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SILENTBLOC LIMITED 


Andre Rubber Co. Ltd. is another Silenthloc Company. 


JANUARY 





1961 
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go the sales of Silentbloc products. And 
up and up and up goes the new extension 
which will almost double our factory area. 
This will not only give us increased produc- 
tive capacity to meet growing demand, but 
will add significantly to our already ex- 
cellent facilities for research and develop- 
ment. We mean to lead the industry in 
the future as decisively as we have led it 
in the past. The new extension will begin 
production early in 196]. 
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Anti-Vibration Devices 
Flexible Bearings Mountings 


Come to us at the drawing board stage Flexible Couplings Bali Joints 


“Vibrex” Panel Fasteners 
“Interlock” Locating Pins 

“ Flexsil ” Couplings C.P.-Harris Shackles 
Extensible Spindle Bands 


MANOR ROYAL CRAWLEY SUSSEX 
Telephone: Crawley 2100 Telegrams: Silentbloc Crawley 


Silentbloc products are also manufactured by Silentbloc (Australia) Pty. Lid., Melbourne. 
Broadway $/102 
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Engineered for ease of handling, the 
Cyldon Universal 110° Deflection 
Unit is supplied complete with picture 
shift plates, coil clamp and adjustable 


correction magnets. 


Additional features of this 


outstanding component are:— 


High line and frame coil sensitivity. 


1 Freedom from corner shadows. 





Mr. Buyer—Stock control Available with built-in N.T.C. resistor—specify type BT.621. 


sosuntedimadecumecse tied Full details Shorted turn linearity and amplitude control easily 
fact that these units can be supplied on accommodated. 


used with all sizes of 110° applicatio eS Line to frame coil insulation designed to withstand high peak 
picture tubes. voltage. 


SYDNEY S. BIRD & SONS, LTD. *°°': « c0nser 
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FOR THE 


SCAN COIL 


The new Cyldon T.V. scan coil 

is provided with tabs for 

A-MP Miniature Faston terminals 
which permit rapid and 

economical assembly. 

Miniature Fastons provide maximum 
contact area, do not corrode, 


and are especially applicable 


to TV and radio circuitry. 





Trade Mark 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 


Head Office: Dept. 14, AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1 
Tel: CHAncery 2902 (7 lines) Cables: AMPLO LONDON TELEX Telex 23513 


SOUTH AFRICA: DISTRIBUTOR : E. S. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREEY, P.0. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
ASSOCIATED COMPANIES IN AUSTRALIA, U.S.A., CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, PUERTO RICO AND MEXICO 
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DIRECT PHASE and AMPLITUDE MEASUREMENTS 
in POLAR (re) and CARTESIAN (ajo) CO-ORDINATES 


Signal in Polar (R, ©) and Cartesian (a, jb) Coordinates 
Frequency range 0.1 c/s — 1 kc/s (+ 2%, accuracy) 
Identification of vector quadrant 


SagN High sensitivity (50 mV F.S.D.) 
Daf Were, ae Discrimination against noise and distortion 
. | 5 5 
SOLAR | RON Optional Log Amplitude ;Phase indication for Nichols chart 
3 3 
\. * al x . 


The Solartron T.F.A. and Reference Resolver JX 746 combina- 
tion is unique in that it provides the required response of a 
TRANSFER system in a form suitable for the direct plotting of Nyquist and 


FUNCTION Bode diagrams. 


The JX 746 extends even further the versatility of the already 
ANALYSER «7-r.4) werld famous Solartron T.F.A. and provides a digital display 
AND of phase angle. 


The basic principles of this new technique in dynamic analysis 
REFERENCE are best explained by reference to the following experimental 


RESOLVER wx 76) procedures. 


1 To plot the Frequency Response of a given system over the range 
0.1 c/s —1 Ke’s in Nyquist and Bode form. 


it To plot Amplitude and Phase Difference between two elements within the loop. 


APPARATUS 3rd step: 


By means of Reference Resolver 
& Soateter (OS 103.2) (JX 746) rotate reference axes of the 
=o Seeeues Gompanette intlamer tyr sree) Resolved Components Indicator until 
en renee an Om the quadrature meter reading is zero. 


fig. 2). 
LAYOUT (see fig 


4th step: 
RESOLVED COMPONENTS 
| oscitiator ) ' INDICATOR Note R reading on Reference 











ee mao Meter 1 and digital reading on 
IN- PHASE ae JX 746 Plot on Nyquist and Bode 
= ec) Me | diagrams. 
R (°) 
































~] REFERENCE RESOLVER | 





METHOD Amplitude and Phase Comparison between two points in the system 
(P; and P,) 
§ Overali Frequency Response (at P2) Having already resolved P, into R and © form, switch Resolved Com- 
Ist step ponents Indicator to P; and repeat the 3rd step 
Note differences in Amplitude and Phase on Reference Meter 1 and 
Feed system under test with accurate frequencies over 0.1 c s to1 kc s JX 746 respectively 


(Oscillator OS 103.2) 
RESULTS, 

| j Nyquist 
2nd step: Diagram 
Obse’ve in-phase and quadrature 
components ‘a and ‘jb’ shown on 
Meters » and 2 of the Resolved 
Components Indicator VP 253.2. (see 
fig. 1 


AMPLITUDE 























The Solartron T.F.A. comprises 


The ease of operation and high measuring ac- 
curacy of Solartron T.F.A. and JX 746 are unsur- 
passed in the field of dynamic analysis. 


These 
are precision instruments for determining the 
behaviour of— 

Electrical, Mechanical and Hydraulic Servosystems 
—Amplifiers — Networks — Self Regulating Sys- 
tems—complete Servomechanisms and Regulators 
—Automatic Process Control Equipment--etc— 


under all operating conditions. 





the L.F. Decade Oscillator (OS 103-2) 
and the Resolved Components Indicator (VP 253-2) 


RESOLVED COMPONENTS INDICATOR VP 253.2 
(Frequency coverage 0.5 c/s — 1 kc/s) 


This is an L.F. Valve Voltmeter with two special 6” diameter meters indicating 
in-phase and quadrature components of the signal voltage with respect to a 
reference voltage of the same frequency 

Spurious noise and harmonics are cancelled out in the unique measuring method 
employed in this instrument. An amplifier overload indicator ensures that no 
false readings are taken on the meters, which are themselves protected against 
overload 


THE REFERENCE RESOLVER JX 746 
(Frequency coverage DC — 1 kc/s) 
Specially designed for use with the Solartron T.F.A., enables the transfer informa 


tion to be expressed directly in terms of amplitude and phase. The phase angle 
is displayed by three digital indicators 


L.F. DECADE OSCILLATOR OS 103.2 
(Frequency range 0.01 c/s — 11.1 kc/s to cover sub-audio and audio) 


This oscillator, specially designed for T.F.A., generates low distortion sine-waves 
4 phases — 0°, 90°, 180° and 270 

A built-in meter gives an accurate level indication of the stabilised output down 
to the lowest frequency 

A precision attenuator enables the 10 V stabilised output to be accurately 
attenuated in 108 steps down to 10 mV 

A square-wave output is also available, covering the sam 
of continuously variable amplitude up to 17 V pk-pk. 


frequency range and 


For full information write now to: 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 
Tel: LOWer Hook 2150 


Cables: SOLARTRON CHESSINGTON 
Telex: 23842 SOLARTRON T.DIT. 


© A member of the Firth Cleveland Group 


Cox Lane, Chessington, Surrey. 
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GIRGUITS 
AND 


PRINTED FILTER 
NETWORKS 


@ Half the price of 


conventional components 
e@ Cuts labour costs 


@ Faster assembly 
programmes 


@ Highly efficient—no 
random electrical values 


Complete inductance /capaci- 
tance printed filter network. 
A Mills & Rockleys patent. 


TECHNICAL 
DESIGN 
I Fa ff oF 
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Soldering 


AbCOLA 


(Rega Trede Mark 


Instruments 
and Equipment 


Illustrated 


L64 4 BIT MODEL 
IN PROTECTIVE 
SHIELD L700. 
FITTED WITH 
ACCESSORIES FOR 
BIT CLEANING, ETC. 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


GAUDEN ROAD, CLAPHAM HIGH STREET 
LONDON, S.W.4 


Telephones: MACaulay 3/01 and 4272 Telegrams: SOLJOINT 
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Better make it 





for TUBULAR SLIDING 


and 


FIXED RESISTORS 


Winding Oxidised Nickel Copper 
Wire to B.S.115. Brushgear: lam- 
inated phosphor bronze brushes in 
brass diecast holders. Finish: metal 
parts heavily nickel plated. Write 
for list No. 110. 


for VARIABLE 
RESISTORS 


Slate wound Resistors of fixed and 
variable type, incorporating oxidised 
nickel copper wire to B.S.S.115. 
Write for list No. 100. 


Lecegeesee ; 


oe 


= eaeaqeence 


for ASBESTOS 
WOVEN MATS 


Asbestos woven Regulators, loading 
or heating grids, manufactured in a 
wide range of sizes to suit customers’ 
particular requirements. End or 
immediate tappings either lugs or 
flexible leads. Write for list No. 140. 




















































































































\Birch/ make it better 


REGISTERED TRADE MARK 


H. A. BIRCH & CO. LTD. + WOOD STREET, WILLENHALL, STAFFS 
Telephone WILLENHALL 494-495 ‘Grams WILOHM WILLENHALL 





LONDON OFFICE: HERGA WORKS, WALLINGFORD, UXBRIDGE, MIDDLESEX Telephone UXbridge 35211 
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NEW 


MODEL 30 


Vista 


CONTEMPORARY PANEL METERS 


OUTSTANDING FEATURES: 


%& Centre pole movement. High 
Torque to Weight Ratio. 


% Extreme Robustness (Shock 
proof jewels). 


¥% Very high sensitivities com- 
mencing from 5 Microamps. 


%& Modern design, 
appearance. 

%& Wide, Open scales resulting 
in shadowless readings. 

¥% Selection of sizes, and choice 
of coloured mouldings. 


very neat 


MODEL 40 


MODEL 50 


¥% Available with moving iron, 
or moving coil movements. 


%& Accuracy to B.S.89/54, gen- 
% Inherent Magnetic Shielding. erally 1°%, of F.S.D. 


¥* Competitive prices. 


y Cn 


clearance. 


% Exceptional coil 
Trouble free gap. 


Please write TODAY for full 
details to: 

TAYLOR ELECTRICAL INSTRUMENTS 
MONTROSE AVE., SLOUGH, BUCKS 


Telephone: Slough 2/381 
Cables: Taylins, Slough 








Well-engineered 


CASES 


7 Range of ‘CH’ cases doubled 


All sizes from 4 to I6 units 
available. 


* Two alternative depths |!” or 
16”. 


%& Two-colour trim, top and 
bottom. 
front and 


Recessed rear 


* panels. 

% Completely reversible for 
Punched holes on international back-to-back mounting. 
centres to accept fixing of 
either quarter UNF, BSF or 


>. 4 Chassis slides can be fixed at 
OBA screws as required. 


any level. 


CASES 
UNITS 


INSTRUMENT RACKS 
CONSOLES PANELS 


DATUM METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
Telephone: Watford 2235! 


CABINETS 
CHASSIS 





WATFORD HERTS 


ie Telegrams: Datum, Watford 


EE 29 166 for further details 
ELECTRONIC ENGINEERING 


JANUARY 196] 

















A new and 














more sensitive 








UULUUUT ARENA 


Austinlite 


relay 























FEATURES 

















High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 


Choice of either two or four adjustable contacts. 


Contemporary case design—projection or flush 
mounting. 


Dustproof and suitable for use in the tropics. 
Conforms to Post Office Specification P.T. 1025B. 


Suitable for current or voltage sensing o 
either D.C. or A.C. : 
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APPLICATIONS 


Current regulator control. 
Voltage regulator control. 
Monitoring duties. 
Limiting duties. 
Equipment protection. 





—7tustinlite ELECTRICAL EQUIPMENT (Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


Custom-built by STONE-CHANCE LTD. CRAWLEY, SUSSEX. 


JANUARY 1961 


ELECTRONIC ENGINEERING 








EE 29 168 for further details 


2'- 2 1" new Type R 


it 

32 & DS coy AN I sc a) > SD 
PANEL MOUNTING 
INSTRUMENTS 


aa 
qa" we 
.) 

A " 
: 


2}’ TYPE R 
A unique feature of this new range is ete ae 
MOVING COIL the front late of anodised aluminium, 
TYPE supplied in any colour to match sur- 
—— a. The case, of clean 
MOVING COIL 


Dhenotfo material, and’ Sxing is easy 
phenolic me an ng is easy 
WITH RECTIFIER and adapta 

aes can be supplied for the 
MOVING COIL | ieasurement of all AC. and D.C. 
WITH currents and voltages. 


The legibility of the scale is exceptional 

THERMO COUPLE and afl uns unnecessary mar ha 
MOVING IRON amelled on metal with black markings. 
TYPE 





Send for leaflets today. 


SALFORD ELECTRICAL INSTRUMENTS LTD | cosmmmssmenen aaa my 


PEEL WORKS, SILK STREET, SALFORD 3, LANCASHIRE. Telephone: Blackfriars 6688 
London Sales office: Magnet House, Kingsway, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 


Ae Schmidt Tensiometer 











Measuring range 
OSCILLOGRAPH I g to 2500 Kg 
Reg'd Design No. 881830 RECORDING 


for wire, overhead conductors, 


guy ropes, trolley conductors, 
Brochure 
on 


—— | gram to 2500 Kgs 


ce aerials and magnetic tape from 
Capacity 200 ft. or 

400 ft. of 35 mm. film 
eB 


PROTOTYPES—EXPERIMENTAL MODELS 
PRECISION GEARING AND SPROCKETS E. Hans Schmidt & Co. 


Esslingen ‘Neckar 
Postfach 113 Germany 


12 OVAL ROAD, LONDON, N.W.! 
GULliver 2353 &°4085 
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The AMPEX FR-600 is an advanced-design data recorder 
with twice the capacity of conventional recorders. Most analogue recorders can 
only record 24 minutes of 100 Ke data on a 14-inch reel of 1 mil tape. 
The FR-600 will record 48 minutes of the same data on the same reel of tape. 
The reason — greater bandwidth at a given speed...125 Kc at 30 ips, 
for example. Many data-runs are 30 minutes or longer, requiring a stand-by 
recorder to pick up where the first leaves off... an expensive price 
for a few extra minutes of recording time. The FR-600 literally does the work 
of two conventional machines by enabling double record time for any 
given bandwidth, or double bandwidth for any given record time 
... 250 Ke at 60 ips, for example. Another cost-saving feature is the tape 
shuttle which automatically scans any portion of the tape, eliminating the need 
for a separate loop recorder. Modular plug-in, solid-state electronics warm 
up in less than 10 minutes, and FM amplifier drift is less than one percent in 
24 hours. Other advanced features of the FR-600 include pneumatic tape 
guiding, tension sensing and control, adjustable search speed and fourteen 


miniature monitor oscilloscopes. For complete information write Ampex Great 


Britain Limited, Arkwright Road, Reading, Berkshire, England. |AMPEX| 
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yon” 
(eonsider Moulding NYLON” 


Combined with the advantages of the important mechanical and 
electrical properties of Nylon, our unique method of high 

speed injection produces intricate small parts with a high degree of 
precision—at an amazingly low price. Quantities 50,000 to millions. 
Send us a small assembly for a quick quote—it will surprise you! 


Cott the Cost off TINY PRECISION PARTS fy using 


SIZES FROM NEXT TO NOTHING 
UP TO 0.5 OZS. 


HIGH DEGREE OF PRECISION 
HIGH DIELECTRIC STRENGTH 
HIGH RESISTANCE TO ABRASION 
TOUGH, SELF-LUBRICATING, etc. 


GEORGE GOODMAN LTD 


ROBIN HOOD LANE - BIRMINGHAM 28 - Tel: SHIRLEY 4491 








THIS PHOTOGRAPH 
is reproduced by courtesy of 


MULLARD LTD. 


and shews the clean lay-out employed by thi 
organisation. 


i 
i 
| 
; 


Welding techniques are the key to the phenom- 
enally high production rates associated with 
extremely low shrinkages that are achieved. 


THE WELDER 


illustrated here is type “RK2” which is unique 
in that it combines High Speed accurate weld- 
ing with the minimum of effort and skill on the 
part of the operator. The frictionless electrode 
system precisely controls, apart from position- 
ing, the structure throughout every phase of 
the complex welding cycle. 


Practically every known metal and alloy is now 
being welded on these machines which are 
obtainable up to 75 KVA. They represent the 
ultimate in precision welding. 


eat 


OTHER PRODUCTS 
ELECTRONIC TIMING GEAR. PROCESS ——s 


CONTROLLERS, MAGNETISING EQUIPMENT. 
HIGH SPEED RELAYS AND CONTACTORS, ETC. Pee LONG pen Bc : srg eas 
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. a radar wave directed through a 
complex layout, often in restricted space, 
call in “‘Wavefiex’—a unique advance in 

waveguide technique. In the ‘Waveflex’ 

J L range of Flexible Waveguides are the 

answers to a hundred-and-one problems of 
complicated waveguide plumbing. 

The three types of WAVEFLEX Flexible Waveguides— 

Twistable—fiexible in E and H planes, 
and twistable about the longitudinal axis. 
Non-twistable—fiexible in E and H 
planes. 
Premoulded Twisted—fiexible in E and 
H planes, with a built-in longitudinal twist. 
Premoulding relieves the end connections 
of all twisting stresses, and the angle of 
twist can be much greater than with 
ordinary twistable guides. 


Manufactured under exacting scrutiny 
and tested to strict Government 
specifications. 

Ideally suited for use in pressurised 
systems, remain stable when bent or 
twisted, unaffected by extremes of 
temperature. 

Performance covers a broad band. 
‘Type approval’ has been given by the 
Royal Radar Establishment and the 
Admiralty. 


Wavefiex guides are available in a range of 
lengths 3” to 36” fitted with standard 
flanges. Special lengths and flanges can be 
made to order. An additional range of 
short guides, under 6’, are particularly 
useful as malalignment units and vibration 
decouplers. 


Write for full technical details to:— 
GABRIEL MANUFACTURING CO LTD 


Newton Road, Torquay, Devon. 
Telephone: Kingskerswell 3333 


A MEMBER OF THE TECALEMIT GROUP OF COMPANIES 


WAV bs 


FLEXIBLE AND TWISTABLE WAVEGUIDES 
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Am? 


AMPEX Instrumentation Tapes 
are premium quality magnetic tapes 
designed for analogue recording 
by any of the basic techniques. 
Magnetic properties include high 
sensitivity, and a wide dynamic range 
with a stable output throughout 
the life of the tapes. Exceptionally 
smooth, hard surfaces provide 
cleaner operation with less oxide 
shed, offering greater reliability 
and reduced maintenance. These 
tapes are available in configurations 
for a wide variety of applications. 
They are offered on acetate or Mylar* 
backing films, in thicknesses of 0.6, 
1.0 and 1.5 mils, and in various 
widths and lengths. All are supplied 
on high-performance Ampex 
Precision Reels or on NAB-type 
reels. For application information 
write to Ampex Great Britain 
Limited, Arkwright Road, Reading, 

ovo » BErKShiIre, England. [AMPEX | 
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BRIGHT 
STEEL 
STRIP 


from stock 


Mild and Spring 
Coils and Lengths 


nye ee: ary 


idole ai all + aidelaa 


Birmingham 


ars! 


if it comes from HEMMING—it comes of good stock 


For EX-STOCK delivery of CR MACHINES. X 


EQUIPMENT 
the following products 


Arcoletric Erie Radio Restor Co. It wil l pay to investigate 
Automat Hunts Siemens Edison Swan 
Belling Lee McMurdo $.T.C. 

Bulgin N.S.F, T.C.C. 

Colvern Partridge Westinghouse 
Dubilier Painton Woden 








this versatile process! 


and many other leading manufacturers 


CONTACT 


FARNELL 


NSTRUMENTS LIMITED 


Light Industrial Estate Ideal for: 


YORK ROAD, amet YORKS. DIALS, SCALES, FACIA PANELS, COMPONENTS, 
+ ey ey San ere CHASSIS MARKINGS, PRINTED CIRCUITS, ETC. 
(DEMONSTRATIONS GLADLY ARRANGED) 





We also hold good stocks of Cable, Sleeving, Tools, 


cwrtecaetiy turcscwcronceonponne || GAYLER & HALL LTD, 


Sia con tech caw oom: HARLEQUIN AVENUE, BRENTFORD, MIDDX. 
Telephones: ISLeworth 4401-2-3 
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Fiow to fill vacancies 


in your D.O. and Stores 


With Azoflex papers and a Model 150 
automatic Azoflex photoprinting machine, 
engineering and commercial firms are able to 
free as many as three out of four operatives 
and put them on to more productive 

work. Many of these firms are distributing up 
to 10,000 copies of assorted parts lists, loose-leaf 
catalogue pages, memoranda, and other 
documents up to foolscap size. 

Using Azoflex papers on tinted bases, it is 
possible to “key” the origin or distribution of 
all documents within an organisation, with an 
immense effect on efficiency through immediate 
recognition of what is important as compared 
with “just another piece of paper’’. 
AZOFLEX photoprinting machines 

range in size from desk models up to large 
machines capable of reproducing double-elephant 
copies of drawings and plans. The AZOFLEX 
process is glareless, fumeless, and dry. No 
darkroom or ducting is necessary. Copies are 
usable as they emerge from the machine. 


Your Company might benefit... 


Many business and industrial concerns find that it 
pays to hire certain AZOFLEX machines—rather than 
Zz © Cx buy them outright. Enquiries will be treated with the 


utmost discretion, and will not commit you in 
any way. 





Photoprinting Papers & Machines 


{iLFORD LIMITED INDUSTRIAL SALES DEPT. AZ23G - ILFORD ESSEX 
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throughout the world 


Only three years since the first announcement of Cradleclip 
—yet last year alone, sufficient miles of cable were secured 
by the Cradleclip System, to more than encircle the earth. 
Proof enough of the amazing success of Cradleclip, but 
not really surprising when you consider the outstanding 
advantages of this revolutionary system. Cradleclip is now 
used in 27 countries throughout the world, 
... in the air, by leading 
aircraft manufacturers in the 


complex wiring systems of the 
latest aircraft .. . 


. -. on land in every possible 
kind of electrical installation 
wherever cable security js 
required. 


«.. At sea in ships of every kind 
including the most modern 
naval vessels. = 
a 
ONE—TWO 
Combines speed fixing with ' AND IT’S DONE 
simplicity security. 
Brings a2 new versatility, com- 
e and to your 





Completely insulated and suitable 
for all climates. 


Proved in wiring installation 
throughout the world. 


Cuts wiring time by 52°. 
Reduces production 
coomel ns ond 

of materials. 





*s 


money is available in our 
Time and Motion Study 
Report which will be sent 





cradleclip 








Send for fully descriptive literature to 
INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, 
Wythenshawe, Manchester, 

Tel: Wythenshawe 2842 & 3163 
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—§7Oo PRODUCTIONI 
TIMERS| 














ELECTRONIC PROCESS TIMERS 
& FOR AUTOMATION 








DELAY 
g RELAYS 


E COMPACT 








EFFICIENT 


E ECONOMICAL 


E ; 
§ |RELAYS| 


FOR 
INFORMATIVE @ 
SWITCHING 
AND POWER 
HANDLING 














HILTON ELECTRIC Co.,LTD. 
CHURCH ST-WOLVERHAMPTON 


PHONE 22783 
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We are proud that our output of capacitors includes 
precision types made to a wide range of working 
voltages and close tolerance capacitance values. 
But we are equally proud that we make others 

best suited to more general, run-of-the mill 
applications. And we are proudest of all that 

every capacitor we make is competitively 

priced and upholds the unmatched 

T.M.C. repv*ation for reliability. We 

invite you to put them to the test. 


TMC 


Further information from 


HAVE A BIG CAPACITY FOR CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division + Cray Works + Sevenoaks Way + Orpington + Kent 
Telephone: Orpington 26611 
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The ROSAN ur" 


The Fastening that 
does not require 


“RIVETING OVER” 


ROSAN PRESS NUT 


The Rosan Press Nut is cheaper, easier and faster 
than other methods of providing tapped holes in 
sheet or plate. 

The same size Rosan Nut is suitable for any thickness 
of sheet “There is no maximum sheet thickness”. 


HOW IT WORKS 


Drill or punch hole in sheet Note that impact flows sheet 
metal to specific diameter. metal into space between 


; flanges, locking the Press-Nut 
Insert smaller flange into hole. securely in place. Teeth of 


Apply impact force to exposed the serrated flange broach 
edge of serrated flange of themselves into the parent 
Press-Nut. metal preventing rotation. 


Leaflet and samples sent on request to the manufacturers: 


INSTRUMENT SCREW CO. LTD 
Northolt Road, South Harrow, Middx. Byron i141 


TAS/IS-14 
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GARDNERS 
CHRISTCHURCH, HANTS. 


















































Type AS.7012*, Solent series Audio Output Trans 
former, has been designed especially for the Mullard 
5 Valve 10 Watt High Quality Amplifier, and is capabi 
of the highest quality reproduction. The static fre- 
quency response (without feedback) is within 05 db. 
from 20~ to 25,000~, and there is appreciable response 
at SOkc/s. and above. Primary tappings for feedback 
are provided at 43% and 20% of the windings, and the 
secondary windings are suitable for 3.750 and 15Q; 
with identical characteristics on both outputs. A response 
curve, panel layout and loudspeaker connection chart 
are included with each transformer. Priced at 49/3, it 
can be obtained through your local radio dealer, or direct 
from us, post free. 


* This is one of twenty-two Audio Transformers in the 
Solent and Miniford series described in Gardners new 
leaflet “S/M”,, especially prepared for retailers and private 
users, which includes over a hundred standard Mains 
Transformers and Chokes. We shall be pleased to post 
you a copy upon request. 





Below is reproduced the Response Curve 
of the AS.7012 which is typical of the 
whole of the Solent Series. 





RADIO LTD 


Tel.: Christchurch 1734 
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Standard | Read Circuits 
for INDUCTION 
| DIGITiIzEeER 


STANDARD CIRCUIT BLOCKS 


In order to present the outputs of up to 4 digitizers of either binary 
or decimal type, standard sub-chassis assemblies, together with 
decimal decoders are now being manufactured by GEC. A range 
of only five types of circuit board is needed to build circuit assem- 
blies for reading 1, 2, 3 or 4 digitizers, thus making the complete 
equipment both less expensive and more convenient for users. 
The circuits are all transistorised and are contained on synthetic 
resin-bonded boards measuring 5 x 4} inches. Connections are 


o- 


made by means of wrapped joints and the units may easily be 
integrated into larger data processing machines and assemblies. 


rue ot 


art 


INDUCTION DIGITIZERS 


Cenk 
b Sd 


The GEC. induction digitizer itself is a rotary encoder which 


Sa aes 


gives a representation of the angular position of a shaft. It operates 


ee oe oe 


on 


by varying the inductive coupling between a main winding and a 
number of digit windings. No slip-rings, commutators, or photo- 
electric devices are used, and because of its electro-magnetic 
operation it is not subject to the same limitations of life and 
environment as most other forms of digitizer. 


For further information, please write to: 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
ELECTRONICS DIVISION - LOWER FORD STREET - COVENTRY - ENGLAND 


Smee's GEC 70 
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that deseribed 


‘ is set up on the 
subjecied i a repetitive step 
fient 10 record load velocity ive 


i & Meady-state valuc is 
Ws this case the form of the an 
if Hot dictated mairily by the oom- 

( undhllenl peat te A TECHNIQUE . 
Hong gle pole. The less the 
greater is the contribution of 
somsidered in Appendix Vo Powder Metallurgy has 
he real part of the complex con- ; ; 

: $3 times the value of nes made possible the pro- 
step response ig shown in Fig. : ; : : 

pn due to the edidptex conjugate felt that @ deta duction of these single-unit 


it amplitude, dies out Tor 


. easy mat A to ascertain en: F 
from ay cps ry : Bue: many advantages. The ‘“SINCOMAX’ 
ssc sing the pre i technique isa MUREX development in 

ga i. ned peopt on which a magnet alloy such as Alcomax 
fa ove o . 
poker per: AC onsoquemly ‘ III, and soft iron in powder form are pressed 
ad : 
n hand ns ine. 2 yom , simultaneously in a die of desired shape. During subsequent 


magnetic circuits which offer 


sine a 
i 


sintering, magnet material and iron become alloyed together at 
the interface to form a single unit of high bond - strength. 
Simplified production and the achievement 

of high standards of performance 

can be expected when using 

‘SINCOMAX’ magnets. A few of 


the advantages derived from 


* ake a page employing this type of unit are: 


Pole tunnels and fixing holes 
every time - Se snschtond bei ton setion 


in ® The need to grind adjacent magnet 
~ . and pole faces is eliminated. 
& 
o> gl Fixi ieces ii 


xing of pole pieces is not necessary. 


Products from Page Engineering 
Co. are designed and perfected by The absence of air gaps between 

specialists for specialised use . . . magnet and pole pieces results in 
where reliability is of paramount a more efficient magnetic circuit. 

importance. The Page range of 
precision-built apparatus includes 
calling systems, display indicators, 
pyrometers, relays, remote indica- 


A stable bond of great mechanical strength is achieved 
between magnet and iron sections. 


; ! A leaflet giving details of physical and 
_ Pay control devices and magnetic characteristics can be sent on 
switches of the most advanced request. Technical personnel are available 


types. For a copy of our latest to give advice on the application of 
catalogue, just write your name on Sincomax and other permanent magnet 
your company letterheading and alloys. 

send to: 


BA ‘A ENGINEERING CO. (Sunbury-on-Thames) LTD. 


Page Works, Forge Lane, Green Street “ae 
Sunbury-on-Thames, Middx. MUREX LIMITED 
Telephone: Sunbury-on-Thames 4242 (3 lines) (Powder Metallurgy Division) 


Rainham, Essex Roinhom, Essex 3322 
Telex 28632 Telegrams : Murex, Rainham-Dagenham Telex. 
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For mobile radio testing 


QP 


rely on 


TEST EQUIPMENT 





F.M./A.M. SIGNAL GENERATOR 
Type TF 995A/2 


being used to recheck a V.H.F. 
radiotelephone receiver before final 


. : test at the Cambridge works of Pye 
Pye prefer precision to post-mortems. That is why the Tel Ltd 
Cambridge factory of Pye Telecommunications Ltd. uses a elecommunications Ltd. 
large number of Marconi instruments in the design and 
manufacture of radiotelephone equipment. Pye make particu- 
larly good use of the TF 995A (Series) of Signal Generator. This 
versatile F.M./A.M. generator (Frequency range: 1.5 to 220 
Mc/s) provides comprehensive test and alignment facilities in 
the v.h.f. and h.f. bands. It has crystal check points for accu- 
rate calibration of tuning dials, slow-motion drive and direct- 


reading incremental tuning for precision bandwidth measure- 
ments, monitored f.m. deviation and a.m, depth for signal-to- 
noise measurement, and simultaneous f.m. and a.m. for limiter 


and discriminator testing. A special narrow-deviation model 
—TF 995A/5—is available for 25 kc’/s working. For further 


details write for Leaflet J 184. INSTRUM ENTS 
THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY METERS - VOLTMETERS - POWER METERS - DISTORTION METERS 
TRANSMISSION MONITORS - DEVIATION METERS - OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS + Q METERS & BRIDGES 





London and the South Midlands North 
English Electric House, Strand, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone: 1408 Telephone : 67455 
Export Department: Marconi Instruments Led., St. Albans, Herts, England. Telephone: St. Albans 59292. 


REPRESENTATION IN 68 COUNTRIES 
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LEVELL 














new— 
unique 


1.5 c/s to 150 kc/s. 
Continuous coverage in 5‘ranges. 


LOW DISTORTION 
Less than 0.1% at | ke/s. 


OUTPUT 25V INTO 600 OHMS. 
Continuous control down to 250zV. 


CONSTANT AMPLITUDE 
Within 0.1dB over whole range. 


NO SLOW WARM-UP DRIFT 
Stable after initial 30 seconds. 


NO MAINS HUM 
Supply battery life of 400 hours. 


LEVELL ELECTRONICS LTD. 
10-12 ST. ALBANS ROAD, BARNET, HERTS. 


TRANSISTOR R. C. OSCILLATORS 


Type TGI50M 
(illustrated) 


Type TGI50 
(without meter) 





@ 


FOR ALL RESISTORS 


Supplied with standard coverings of 
cotton, silk, rayon, enamel and glass. 


THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED 


LEYTON 


LONDON 


Lewcos insulated 
resistance wires 
have been used 
for many years 

for winding 
resistances for 
instruments, 

radio, 

control 

apparatus, 

etc. These 

fine and 

superfine 

wires meet the 
demands of the 
Electrical Industry for 
high precision and 
exceptional properties. 
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Covers frequencies from 100 Ke/s to 


TOLLS OE ONS SIE 
ep katong eee 





A new series of Vinkor adjustable pot 
cores has been developed by Mullard for 
use in the frequency range 100 kc/s to 
2Mc/’s. This series isin addition to the highly 
successful group already widely used for 
frequencies between 1 kc/s and 200 ke/s. 


in Ta 
fev 








The world’s most efficient pot core as- 
sembly, the Mullard Vinkor gives a choice 
of 3 permeabilities and has exceptionally 
high performance and stability. Write today 
for full details of the wide range of Vinkors 
now available. 


Mullard 


ADJUSTABLE POT CORE ASSEMBLIES 


hes MULLARDO LTO., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.1. 
mci 
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LUCO “hextso” Wire Strippers 


Strips thermoplastic 
& rubber insulation 
without effort 


No damage 
to cable core 
or wire screen 


ERSA Soldering Appliances 


Minitype SOLDERING NEEDLES with 
screwed-in elements; 10, 20, 30 W., 
for finest electronic work 


ee RD | gees —— 


SOLDERING PENCILS 20, 30, 40W.., for the 
Assembly Line and the Service Engineer 


Also available, SOLDERING BATHS for 
Printed Circuits and for the Tinning of 
Enamelled Wire 


WTC Comprehensive Tool Range 


for Electric, Electronic and Allied 
Industries 


Box Joint vara Pliers, Sidecutting and Frontcutting Nippers, 


Special Pliers for tipcutting, securing circlips and thermo- 
shunting. 

Printed Circuit Pliers for crimping and cutting, bending and 
cutting. 

Wirestrippers, FF and bench type. 

inner Core Ejectors for screened cables. 

Chrome-Vanadium Box Spanner and Screwdrivers, also with 
flexible shaft. 

Torque Wrenches and Torque Screwdrivers. 

Standard Piercing Punches, Ejector Pins, Locating Pins. 

Spring Tension Pins, Bushes, Sleeves, Bolts, 

ard Needle Files, Diamond Files, Laps and Wheels. 


Apply for Catalogues EE! 


WELWYN TOOL Co. Ltd. 


Stonehills House 


WELWYN GARDEN CITY HERTS 


Phone: Welwyn Garden 5403-4 
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BY A SLEEVING WHICH COMBINES 

THE ADVANTAGES OF INTEGRAL TEXTILE CORE 

WITH PLASTICISED P V.C. SHEATH 
Proof of increased throughput in 
production resultant from the use of 
NEW PERMANOID VS Sleeving is given 
by these figures established 
over several months by 
a manufacturer with a weekly output 
of 15,000 small transformers. 
The increased thickness in the plastic 
coating which ensures maximum 
resistance to impregnation varnishes 
and oils results from the availability 
of plasticisers evolved by PERMANOID 
Chemists. Electrical properties 
conform with BSS. 


The textiles core eliminates shrinkage 
risk in baking and permits maximum 
flexibility. 


Fully tropical the sleeving is suitable 
for continuous operating 
temperatures up to 105°C. 


ELECTRICAL PROPERTIES 
Insulation:- not less than 
1003 megohms. 

Breakdown Voltage :- 

3000 volts 


when tested in accordance 
with BS 2848 


AVAILABILITY 

Delivery:- Immediate 

Colours :-Eleven 

Bore dia:- 0.5 mm to 5.0 mm. 


PERMANOID 


LIMITED 
New Islington Manchester 4 COL 1371 
Branches at LONDON, GLASGOW, 


NEWCASTLE, BRISTOL, WOLVERHAMPTON & DUBLIN 
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Special plant for them? No. Compression and transfer moulding are usual. Write for further details. 
The moulding illustrated is by Aldridge Plastics Lid., using compound produced by B.1.P. Chemicals Ltd. 
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CORES 


We specialise in the large scale 
production of all types of 
miniature toroidal coils wound 
on cores down to 50/1000’ 
diameter (as shown below). 

















50/1000" OUTSIDE DIAMETER 


Actual-size photograph show- 

ing one of our small ferrite 

ring cores mounted on glass 

base and encapsulated in resin. 

This particular core carries four S T O R B s 

windings of 20, 10, 10 and 5 

turns of 48 s.w.g. enamelled In addition to the manufacture of coils and components 
wire. we undertake the assembly of complex equipment 

Coils such as these are manu- such as this unusual Matrix Store for a 100-channel 


Analyser shown above. 
(As supplied to A.E.I. Ltd., Instruments Division) 


d ; NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 
Please write for full details NEWPORT PAGNELL - BUCKS - ENGLAND 
Telephone: Newport Pagnell 401/2 


factured entirely in our New- 
port Pagnell factory. 





EDDYSTONE 


DIECAST 
INSTRUMENT BOXES 


These diecast zinc alloy boxes will be found invaluabie, 
particularly where a high degree of screening is necessary. 
Each has close fitting, flanged lid, held with 4 BA fixing screws. % Bright Mild Steel 


No. 896 ig ag ae eee 
No.6... w. . 1. ORK DRX? nS % Self Colour or Electro Plated 
No. 845 .. Se oe . Wex4a’ xT Zp , 


Write to the monufacturers for the address of your / pas , * Catalogue on request 
nearest suppliers. . . } 


beret 1 & co. LTD. ve We invite your enquiries: 


% Wide range available 








BIRMINGHAM, 31. SURREY STEEL COMPONENTS LIMITED 


Church Road, Barnes, London, S.W.13 RiVerside 6673/5 
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THE EDISWAN 16P13 Water Cooted RF Power Valve 


e 
\ \ 1 C | } Out The latest Ediswan water cooled valve has no jacket. Instead there is a spiral 


copper water tube attached directly to the anode. This method is much more 
efficient, keeps the valve cooler, and makes it cheaper to install and easier to 


maintain. 
Tot up the extra advantages and then switch to these new valves for any 
application where you are at present using water jacketted valves. 


“ , are 
| . No water jacket—simplifies installation. 
. Seals eliminated reducing leakage risk. 
ca 3. Low water requirements—1 litre/3 kW anode dissipation. 


More compact than conventional water cooled valves of similar rating. 
Includes the Ediswan patented over-dissipation protection device. 


RATINGS : ISP12 16P13 
Filament voltage (volts) Ve 50 80 
Filament current (amps) If 32-5 260 
Maximum anode voltage (kV) Va(max) 60 80 
Maximum anode dissipation (kW)* Pa(max) 0-6 30 
Maximum operating frequency 

(full rating) (Mc/s) fimax) 1-5 1-5 
Maximum RF power output (kW) Pout 2°5 75 


Write for a copy of our latest catalogue 
EDISWAN INDUSTRIAL VALVES AND CATHODE RAY TUBES. * Other valves with anode dissipations up to 6 kW will be available shortly. 


EDISWAN INDUSTRIAL VALVES & CATHODE RAY TUBES 


Associated Electrical industries Limited 
Radio & Electronic Components Division, 

155, Charing Cross Road, London W.C.2. Telephone GERrard 9797 
crac 16/22 
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progress 


With the progressive complication of assemblies for use in 
limited spaces, the electronic expert needs, more than ever, 
the advice of the equally expert fan manufacturer. Keith 
Blackman have made the equipment that has made the best 
use of air for over 76 years and in publication No. 41/3, offer 
a number of fans and blowers of interest to the electronics 
engineer. Why not send for your copy now? 


KEITH BLACKMAN 





34° Centrifugal 











small fans and blowers 


Centrifugal - Axial - Propeller 


Keith Blackman Ltd 


MILL MEAD ROAD - LONDON NI7 
Telephone: TOTenham 4522 1409/95! 
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DAO 
Type S&S saddies 


2 POINT SINGLE SCREW FIXING 


Every type, every size andevery ke Save time 
combination of cables are %* Increase efficiency 
secured quickly and more * ons 

efficiently than ever before with Greater versatility 

these saddles. Designed for use * Made from immensely 
with standard cable racking, the strong nylon 


SAS Saddles are made from ye Lighter and stronger 
tough, virtually unbreakable than metal 


nylon to withstand the effects of . : 
most chemical and acid attacks, * Absolutely anti-corrosive 


and providing for high * Self-tensioning straps 
insulation value, freedom from * No need to carry large 
corrosion and electrolytic action. stocks of components 


or Type €@&S saddles 


2 POINT 2 SCREW FIXING 


The quickest, most convenient, most 
versatile and economical Cable 
securing method yet available. 

Designed specially for wall and panel 

mounted wiring installations, the AS 

Cable Saddle will accommodate cables 
of any diameter, type or combination, 
providing complete security with the 
highest insulation and anti-corrosive 
qualities in any climatic conditions. 

Only 3 sizes are required to cover 1 the 

most complex cable ly. 





Send for fully descriptive literature 
covering a full range of Insuloid 
Cable Clips today. 


INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, 


Wythenshawe, Manchester. 
Tel: Wythenshawe 2842 & 3163 
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HEAVY DUTY 


instrument 
Racks 


from 


LUNDS 


of 
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Lunds heavy duty instrumentation racks have been developed to overcome the problems 
inherent in the construction of larger instrument panels. Corner casting of aluminium 
alloy, designed to eliminate welding at corners, are incorporated with 10 gauge radius 
rolled sections in mild steel to form a rack of unique strength. The sections incorporate 
a i” x 2?” recess which facilitates flush panel mounting and door fitting. 


L a N D S of Wandsworth 


Wandsworth 





Other Lund products include standard 
racks and panels; and sheet metal work 
for the electronics industry - comprising 

ialised racks, consoles, desks, etc. 
For full details of Lund products write 


or telephone today. 








Bendon Valley, London, S.W.18 Telephone : VANdyke 7676/7/8 




















There ore fifteen 
combinations 

of Smalibone Units 

to ensure thot there 

is @ cabinet to 

sult your needs exactly, 
Neat and practical 
these steel, well mode 
cobinets are the 
money-saving onswer 
fo minioture component 
storoge. 


is sii. ‘th can ane da ea 





Drawer sizes 6 in. long x 3 in. wide x 1 
6 in. long x 3 in. wide x 2 


or— 


KEEP MINIATURE COMPONENTS 
AND STOCK TIDY WITH 
SMALLBONE STORAGE CABINETS 


Smalibone Storoge Cabinets 
ore used by many leading 
industrial concerns including ; 
M.0.S. 

G.E.C. 

LC. 

UNITED KINGDOM 

ATOMIC ENERGY AUTHORITY 
ROLLS ROYCE LTD. 

ROYAL NAVY 

ENGLISH ELECTRIC LTD. 
POST OFFICE 


in. deep 
in. deep 


| All Models (A) & (B)—Trade Price £10 0 0 


J All Models (C) 


—Trade Price £334 


(Delivery Ex. Stock) 
Write now for illustrated catalogue from: 


SOLE MANUFACTURERS AND 


PATENTEES 


SMALLBONE & SON SERVICE STATION LTD. 


116 RADDLEBARN ROAD, SELLY OAK, BIRMINGHAM 29 
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Telephone: SELiy Ook 00860 


£25-7-0 


with quantity 
discounts. 


Delive 
Ex Stoc 


PRECISION 
PERFORMANCE 


Lexor 


1. Voltage ranges: 
2. Output current 500 mA maximum. 
3. Regulation: better than 0.15%, for +10% mains change 
and/or zero to full load. 


miniature low voltage 


STABILISED POWER UNITS 
Models LT. 12-05 & LT. 24-05 


Fully transistorised. 

Zener diode reference. 

Totally enclosed. 

Cool running. 

Floating output with earth terminal 
Variable or pre-set control. 


5.5-14V or 18-28V, continuously variable. 








177 


4. Ripple: tess than 2.5mV. 
5. Impedance: fess than 0.040). 


Full specification No. 138 from 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD, COVENTRY 
GEE Telephone: COVENTRY 72614 
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| WHY PICK ON US? 


» «+ a question with many answers) 


BECAUSE WE'RE FRANK ABOUT DELIVERY. 


You get an honest answer to your enquiry and you get it promptly. 
Right now, we are very busy, but that does not mean that we cannot 
take on your work. We suggest that you give us a chance .. . and 
you can be sure that whatever delivery promise we make will be kept. 


For fuller details of this unique service please contact Leslie D. 


Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Broxlea W orks— 14,500 sq. ft. of ultra modern factory 
space, 15 miles fromcentral London onthe A 10 road toCambridge. 


BROXLEA PRODUCTS LIMITED (A.1.D. approved) 
BROXBOURNE, HERTS Hoddesdon 4455 


ELECTRONIC ENGINEERING 


Trusted by the people 
you trust 

Below are some famous names 
—firms who entrust work to 
Broxlea:— 

Associated Electrical 

Industries Ltd. 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Ltd. 
Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 


Enfield-Standard Power 
Cables Ltd. 


English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 
General Electric Co. Ltd. 
General Precision 

Systems Ltd.—Air 

Trainers Link Division 

Ilford Ltd. 


International Computers and 
Tabulators Ltd. 


Marconi’s Wireless 
Telegraph Co. Ltd. 


Microcell Ltd. 


The National Cash Register 
Co. Ltd. 


Pye Ltd. 
A. V. Roe & Co. Ltd. 


Standard Telephones & 
Cables Ltd. 


Telephone Manufacturing 
Co. Ltd. 


Texas Instruments Limited 


Tube Investments (Group 
Services) Ltd. 


Witton-James Ltd. 
you will be in good 


company if you, too, 
trust Broxlea. 
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IT DOESN'T JUST HAPPEN- 


a first-rate performance isn’t a matter of luck. Constant 
development and research has already made our 
transformers very good indeed, and we 

haven't given up yet. 


We can supply them . . . plain, potted, or screened. 








—just as you want them, in fact! 


ORTIPHONE 


MINIATURE TRANSFORMERS 
mummmm 124-126 DENMARK HILL, LONDON, S.E.5. (Dept. 2) 














PHIL-TROL | | A- C. SOLENOID TYPE SAM/T 


SOLENOIDS Now fitted with stainless steel guides - six times the life 
New 6 Page Leaflet (No. Continuous 14 ozs. at 3” 
108a) now available. Covers Instantaneous to 5 ; Ibs. 


small and medium solid core , : 
Quick Delivery— types including new types rip Larger and smaller 
45, 35, 36 and 37 a sizes available 
Solenoids are normally Stes 
despatched same day asreceipt | SEND FOR YOUR COPY Also — Transformers to 
of order NOW 7 kVA 3 phase 


PHILLIPS CONTROL (G.B.) LTD.|| R. A. WEBBER LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 67-4063 
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THE EMPIRE RUBBER SELF CONFORMING GROMMET 


... is the solution to many an engineering probiem 








THE NEW BLIND GROMMET 


2ND SEAL Note how 


| 

when sprung ; ih Wa By reason of 
into position JF * the designed } 
the grommet ; by taper of the r 
provides a t cable entry i 
perfect seal by and the j 
FREE its own flexibility of 
| 

! 

| 

| 

| 

! 





ees. a per é the web, a 
THE NEW DESIGNED G pressures. The considerable 
er) iit " i "itd 


, — In the conventional grom- 
angled groove a) ee angle of cable - ‘ = 


met, only one thickness of 
plate and only one size of 
cable can be accommo- 
t e dated. No effected seal is 
f ‘i seviaie i metal plate. possible. afforded by the parallel 
FREE Z | groove. 
wana RA 
This new development in grommets is now being produced in a range of sizes 
These new grommets will solve your sealing problem 
Enquire ‘or Catalogue section and detailed particulars. 
EMPIRE RUBBER COMPANY, DUNSTABLE, BEDFORDSHIRE, ENGLAND 
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also creates a yw entry and a 
tight pressure ‘ ™ | variety of 
hold on the Ni I ME cable size, are 
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TRANSFORMERS 


A 

SELECTION 
FROM 

OUR WIDE 
RANGE OF 
TRANSFORMERS. 


Your enquiries 


will be welcomed. 


AYRES ROAD, OLD TRAFFORD, MANCHESTER, I6. 


Telephone: TRAfford 1827 8/9. 


60. 








A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. » » With universal fixing centres 





For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 


% CORE: Wound from a continuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 


INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 
WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde * 

resin type, giving good space factor, exceptionally high Write for list 615A 


abrasion resistance and prolonged heating resistance. giving full technical 
nee 2 : ¢ details of this and other 
FRAME: Of die cast aluminium, incorporating long spindle models in the Rotary 


bearings and mounting feet to ensure accuracy and rigidity Regavolt range. 
of the mechanism in relation to the fixing holes. eeibesere © 

“ . P THE BRITISH ELECTRIC RESISTAN [0. LTD. 
BRUSHES: The brushes are of a special carbon for its QUEENSWAY, MIDDLESEX . 
contact resistance characteristics, shaped to give minimum Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 




















BRI34) -BXH 
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BRAUER ‘Quick-Action’ TOGGLE CLAMPS 


for the Electronics Industry can be made in special 
Non-Ferrous Non Magnetic materials. Wherever used, 
BRAUER TOGGLE CLAMPS save thousands of 
man hours with their fast, powerful and accurate 
holding. 


BRAZING 


The illustration shows a 
BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet the 
requirements of efficient in- 
duction brazing—quick posi- 
tive clamping and instant releasing—at Radio Heaters 
Ltd., Wokingham. 

This brazing fixture incorporating a BRAUER Clamp has 
achieved considerable saving of time and money in the 
production of meter cases (see inset photograph). 








Send now for illustrated catalogue and 
technical data to Dept. 14 


F. BRAUER LTD - HARPENDEN - HERTS 
Member of the Cope Allman Group 
Makers of Europe’s largest range of Toggle Clamps 


Fws 
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IN PARIS 


PORTE DE VERSAILLES 
from 17th 

to 21st 
February, 
1961 


INTERNATIONAL 
EXHIBITION 

OF ELECTRONIC 
COMPONENTS 


the greatest 
world meeting 
in the field 

of electronics. 


FEDERATION NATIONALE DES 
INDUSTRIES ELECTRONIQUES 
23, rue de Libeck - Paris 16° - Pas. 01.16 


SPONSORED BY THE 
FEDERATION NATIONALE DES 
INDUSTRIES ELECTRONIQUES 


INTERNATIONAL 
SYMPOSIUM 


SEMI CONDUCTOR 


DEVICES 


and organized by the 
Société Francaise 

des Efectroniciens et des 
Radio-Electriciens 


ELECTRONIC ENGINEERING 
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The Flamemaster 
hand torch 


# FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


The Stone-Chance FLAMEMASTER Is now distributed only by 
Buck and Hickman Ltd. 


This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 


made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel Road, London, E.! 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., Schomberg House, 82 Pall Mall, London, S.W.! 








TRANSISTOR THE LEXOR “DIS-BOARD” 


AMPLIFIERS For Power Extension and Expansion Everywhere 


Designed and Manufactured EX-STOCK 


to meet your DELIVERY 
special requirements 


& OVER 100 
STANDARD 
COMBINATIONS 


Full Literature and Price List from: — 


Tel HOUnslow 133! LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD 
395 STAINES ROAD, HOUNSLOW, MIDDX COVENTRY 
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ELGAR PRECISION RESISTORS 


Light weight Humidity Class HI 
Tolerances 1% to 0.05% 


ELGAR LABORATORIES 
(ELGAR TRADING LIMITED) — Established 1946 
23 Salisbury Grove - Mytchett - Aldershot - England 
Phone: Farnborough (Hants) 2242 Cables: Elgatrad, Aldershot 
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ELECTRONIC 


FUNDAMENTALS =. 
AND pe 


APPLICATIONS D. 


Ryder 


The author has consolidated the fundamental phenomena 
underlying both the transistor and semi-conductor devices 
into one treatment. In addition, he has brought together 
electronics and basic network theory and has emphasized the 
standard methods that prevail once an electronic device is 
reduced to a linear active circuit; the treatment generally 
is qualitative and emphasis is given to the basic properties of 
an analytic method or process 60s. net. 


From all Booksellers 


PITMAN (crac, wo 
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THERMAL CONVERTERS 


—call them what you will, 
these tiny tubes are in fact thermo- 
couples in Vacuo obtaining their 
energy from a heater. A thermo-couple 
is a junction between two dissimilar 
metals which, when heated, cause a 
DC voltage to flow in the couple circuit. 
By connecting the thermal converter 
to a suitable DC moving-coil meter, 
measurements can be taken in 
RMS values of current and 
voltage, either AC or DC 
or superimposed DC. 


We manufacture a wide range of Vacuo-junctions 
available as insulated or contact types und will 

be pleased to quote for your individual requirements 
For our descriptive leaflet, write to:— 


DEPARTMENT VJ3 

BEST PRODUCTS LIMITED 

FELIXSTOWE - SUFFOLK 
- 





P 
(5 REENPAR 
Onginkering 


Complete Series: 
“eee UF! “Re” CHAN” 
& “LC” R.F. Connectors 


r ¢ ‘ 
y J vy x 


D.G.1. & A.R.B. APPROVED 


STATION WORKS 


JANUARY 1961 


LA 


- ELECTRONICS DIVISION - 


lame) 


MANUFACTURERS OF 
ELECTRONIC COMPONENTS 
AND ASSEMBLIES. 


ESSEX - Telephone: Harlow 2192 
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featuring 


ultra-high E.H.T. SUPPLIES NE 5302 & NE5303 
stability and if 
precision @ VOLTAGE RANGES— 


- P NEs5302: 500—1500 volts D.C.; max. output current 
switching | mA. 
NEs5303: 1000—5000 volts D.C.; max. output current 

3mA. 


SPECIAL PRECISION SWITCHING— 

Both units feature use of switched precision resistors 
for coarse steps of voltage adjustment, and 0.1% 
ten-turn potentiometers for fine voltage control, 
thus ensuring accurate resetting of the output voltages 
to 0.1 volts. 


STABILITY AGAINST FULL LOAD— 
For both units, 50 parts per million measured at full 
output voltage. 


STABILITY AGAINST LINE VARIATIONS OF 
+10°,—For both units, iso parts per million 
measured at full output voltage 


NOISE AND RIPPLE LEVELS— 
Less than 5 millivolts for any voltage setting 


Also available, the following companion Write for New Catalogue and Price List. 

units: Non-overloading Linear Pulse Visit our Stand number 61 at the Physical Society Exhibition. 
Amplifier NEs202; Pre-amplifier and 

Cathode Follower NEs202A; Single- 

channel Pulse Height Selector NEs5102; 

Scanning Scintillation Spectrometer NE 

8601; Ratemeter NEs4or. Complete 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, 11, SCOTLAND. 
(Tel.: CRA 5262). 


Associate Company : Nuclear Enterprises Ltd., 550 Berry Street, Winnipeg 12, Canada 


assembly for C14 and H3 counting NE83o01 





CAPACITY:— 
1. Piastics 


(a) Injection Moulding to 10 Ib by weight 
ma CO-ORDINATORS 


(b) Compression and Transfer. All phenolic, 


ld 


urea and dough 4 
(c) Biow Moulding off Gecmmatede . SERVICE 


materials. 


(d) Vacuum forming. (Engineering) LTD. 
(e) Extrusion (all kinds of sections and 


rounds ) SHADY LANE 
(t) Lay flat blown film. 
BIRMINGHAM 22A 


2. Ferrous and non-ferrous machined and 
pressed parts. 

3. Spraying, Embossing and Printing on CAPACITY 
plastic. } TELEPHONE FOR THE 


5. ean eaabneie GREat Barr 4237 OF on 
' } PLASTIC 
A sag a" \ COMPONENTS 
fF eae FOR 
a ANY 
INDUSTRY 
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| Atelast / 


AUTOMATION COMES / 
/T0 LIGHT\INDUSTRIAL 
SHOTBLASTING 


= with the, 


T/40 
GUYROTA 


Ideal for manufacturers who need to rapidly blast clean 
large quantities of small metal parts or De-Flash Thermo-set 
Plastic Mouldings. All the operator does is load the tumbler 
on to the angled turntable and let it rotate under the blaster 
gun for a pre-determined length of time. Manpower is saved 
by having one operator to a number of Guyrotas. 


Send today for Bulletin T/40(c). 














INDUSTRIAL EQUIPMENT LTD. 


enthil GUYSON 
=Gu uyso n= Regd North Avenue, Otley, Yorks. Tel: Otley 2456. Grams: “‘Guyson Otley”’ 
ae nnn ee If you OCT mmmemmmmmmmcsscm 


a small METAL PRESSING 
for your product, why not consult us ? 
®& a e 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 








PRESS-IN" 


‘—e) 
TERMINALS rece. ~ 
AMPS ALL FITTING 


8 SEND FOR LEAFLET SAME MOUNTING RAIL 
2 DB. J. EQUIPMENT (HERSHAM) LIMITED 
2 43 QUEENS ROAD, HERSHAM, WALTON-ON-THAMES, SURREY 
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Tel: 27672 











QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


MOOR LANE, WITTON, BIRMINGHAM, 6 
Phone: BIR 5026 
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Specialisation 
plus 60 years 


Duintle 
Seite 


IN MOULDED RUBBERS 


‘ an 


2 
experience Olrimeuuiiie tele lime leamiriin 
. , 


ADDS UP TO THE 


Maulliiiguil wile 


d A.I.D. and 


Fully approve 


THE HARBORO’ RUBBER CO.,LTD. Dainite Mills, 


JANUARY 196! 


\.R.B 


Market Harborough. Telephone 2274/6 
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There's a quarter of a century's 
experience built into every one | 


PLUG-IN QUARTZ CRYSTAL 
CONTROLLED TRANSISTOR 
OSCILLATORS 100 Kc/s 


A range of units is now available covering a frequency range from 
1 k/c to 15 Mc/s. Typical data for Q.C. 935-100 kc/s unit. Frequency 
tolerance is +0-015% over temperature range 10°C-60°C. Stability 
less than 5 parts in a million change with a 10% change in supply 
voltage. Output 3 volts on open circuit conditions. 1} volts across 
a 20,000 ohm load. Power supply 6 volts D.C. Power consumption 
5 milliwatts. 


Write for full technical specification. 


SALFORD ELECTRICAL INSTRUMENTS’ LIMITED 

TIMES MILL - HEYWOOD - LANCASHIRE Tel: HEYWOOD 6868 

London Sales Office: MAGNET HOUSE, KINGSWAY, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 











Cabinet racks for 
expensive instrumentation 


This is the DYNATRON Cabinet Rack Type B, specially 
designed as a general purpose unit. With locking doors, 
or without doors. Can be built into bays of two, 
three or more units. 

Dynatron Cabinet Racks Type A, without doors, in 
three sizes. 3ft., 4ft., and 6ft. are also available. 


All these points are important 





* Hinged sides giving access to equipment for ease of servicing. 











* Sides removable to enable bolting of cabinets together for 
assembly into bays of any length. 

* Allowance made for all possible cabling. 

* Ample ventilation. 

* Provision for cooling unit if required. 
Finest quality materials and workmanship. 


Can be supplied in a variety of finishes. 














Mounting is for standard 19 Post Office type panels. 


DYNATRON RADIO LIMITED 
FURZE PLATT, MAIDENHEAD 


TEL: 5150 (10LINES) 
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“¢ Q-MAX”” SOLE LONDON 
SHEET METAL PUNCHES/ DISTRIBUTORS OF 


ae 4 ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
| AND SOCKETS 

/ 





ante . aah 


Patent No. 619178 and Patents | A ful! range of connectors from 2 to 
pending. 33 way. proven in use by the 

electronic industries of the world. 

Round, Square and Rectangular 
The easiest and quickest way of 
punching holes in SHEET METAL. 








LIST OF SIZES AND 
PRICES ON APPLICATION 








_ 
“ Q-MAX ed . 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR | —tme 
_ 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters | ze — 
without application of power, for | ‘. 
a 
— 


the determination of coil mutual 

and stray inductances and both 

fixed and stray capacitances. Covers 

1.5 to 300 Mc/s in eight ranges. | f ? 
Built in mains pack. 
PRICE 15 Gans. Complete. 





. 
Fully 
iMustrated | 
CATALOGUE 


available 


a 25 HIGH HOLBORN, LONDON, W.C.! 
eons x Tel.: HOLborn 6231/2 














Type 3000* and 
Magnetic Latching (Remanence) Relays 


i oe — A, ee 
se — ae oe: ee A ee ee a 





D.G. 1. TYPE APPROVAL 
NOW GRANTED FOR OUR RANGE OF RELAYS 


Certificate Nes. 
HIGH VOLTAGE 1178, 1178 LOW VOLTAGE 1287 








* Magnetic latching and * Coil values to 
release by impulse customer's requirements 


* Silver, Platinum or Elkonite * Fully tropicalised or standard 
spring set configurations finish to A.D release 


Fast delivery on both prototype and normal production 


STEVENAGE 
RELAYS LTD nour oF conanes 


GUNNELS WOOD ROAD - STEVENAGE - HERTS. 
Telephone. Stevenage 981. Telex: 82159 Sanders, Stev. 
Ask for further details of our full range of Relays and Relay Kits. 
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d=mac 
¥ i 8 q : 


and data reduction equipment 


Table top plotters with high 
powered A.C. servos and sound 
mechanical construction (also 
for wall-mounting) 


@ Plotting areas 10in. x 18 in., in. x 
18 in., 30 in. x 30 in. (25 x 45 cm., 
45 x 75 cm., 75 x 75 cm.) 


Sensitivity down to 10 mV/inch 
(0.35 mV/cm.) 


Speeds up to 20 in./sec. (50 cm/sec.) 


Repeatable accuracy better than 
0.2 per cent. 


Constant speed availabie X axis. 


Variable or switched sensitivity 
controls. 


Units with bali point pen or single 
symbol printer (interchangeable 
symbols). 

Vacuum paper-hold optional. 
Auxiliary unite—Keyboards and 
punched card or punched tape 
input units, Also trace readers. 


PHYSICAL SOCIETY EXHIBITION 
See our Stand No. 105 


ELECTRONIC ENGINEERING 
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For BERYLLIUM COPPER PRESSINGS 
TO THE CLOSEST TOLERANCES 








BRANDAUER 


Brandauer also specialises in precision 
essings manufactured from all 

errous and non-ferrous materials 

including the cupro-nickel alloys. 


C. BRANDAUER & CO. LTD. 401 NEW JOHN STREET WEST, BIRMINGHAM 


CONSULT 


RANDAUER 


OF BIRMINGHAM 


TOLERANCES NOW - 00025”: 


By pioneering the use of beryllium copper and precious metals, Brandauer have achieved 
many manufacturing successes which can be of great value to you. 

Today we are among the largest most sought-after fabricators of beryllium copper 
pressings in Britain—thanks to a hundred years of heat treatment experience, specialised 
plant, and ten years of research. Being craftsmen, experts and indeed the outstanding 
specialists in beryllium copper, we work with extreme precision in miniature and sub- 
miniature presswork; in certain circumstances, we regularly maintain an accuracy of plus 
or minus -00025 in. 

All components are made to customers’ own requirements. It is significant that several 
million Brandauer units are in daily use in the radio, television and aircraft industries, in 
radar installations, record players, switch gear, electronic computers and a wide range 
of other equipment. 


EARLY DELIVERIES OF FOUR SLIDE WORK: 


This is also helpful. So are our large stocks of material. They enable us to quote early 
deliveries for most pressings and competitive prices for all. Therefore-—for time and 
tolerance, quality and price, choose Brandauer. Further information and samples gladly 
sent on request. 

19 


Telephone: ASTON CROSS 3818 








with i bes: 


THE MOST VERSATILE RELAY 
AVAILABLE TODAY! 


UNISELECTORS 
Supplied to 
Specification 


TWO to TEN BANK 


A REASONABLE RANGE 
KEPT IN STOCK 


Others delivered within a few days. 


Also stocks of relays as follows 


Hign Speed, polarised, miniature 
sealea and open, A.C. for any 
voltage and P.O. type 600 to 
specification. 


ach Dr vt5 A 


(ola -2 ml ee elle le)- me -le Vel: 


ELEPRONES MUSEUM 79860 
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| W/kinsons 
FOR M E T E R S GUARANTEED 


@ Built to specifi- NEW RANGE OF METERS 


cation. 

@ Contacts 300mA 
to 8 amps. 

@ Insulation up to 
5KV. 

@ Mechanical latches 
fitted for positive 
holding, local or 
remote manual 
release. 

@ Quotations by 
return of post. 

@ Prototypes with- 
in 48 hours. 





24° Moving Coil Flush Round 
0/i amp; 0/3 amp; 0/5 amp; 

Volts; 0/30 Volts; 0/40 Volts; 

2” Moving Coil Flush Round 
0/1 Milliamp; 0/5 Milliamp; 0/10 Milliamp; 
0/20 Volts; 0/30 Volts; 0/40 Volts; all at 27/6 each. 
2” Moving Coil Fiush Square 

0/3 Ampere; 0/5 Ampere; both at 27/6 each 


0/10 amp; 0/20 
all at 35/- each, 











RELAYS 


Post Office Type 3000 
Made to your specification. 
Contacts up to 8 C.O. 


Prompt Delivery 
MINIATURE RELAYS IN STOCK 


Siemens High Speed Sealed and S.T.C. & G.E.C. Sealed. 
RACKS—POST OFFICE STANDARD. 6 ft. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock 


SOLENOIDS suitable for remote control, mechanical indicators, etc. 
12v D.C., 400 M.A. 3} in. arm, ¢ in. movement. 5/- each net. 


RESISTORS EX STOCK, IN QUANTITY WIRE WOUND, HIGH 
STABILITY CARBON ETC., BEST MAKES AT LOWEST PRICES 


MINIATURE PRECISION MOTOR, !2v D.C. Size |} x I} diam. 
Latest development. Extremely powerful with low consumption. 
Weighs as little as two ounces and totally enclosed in polythene protec- 
tive case. Three position switch; forward, reverse and stop. 7,000 r.p.m. 
self-lubricating and long life sintered bronze bearing 15/6 post 9d. 








clay) Ltd 


LONDON, W.! 
LANGHAM 486?) 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


Phone: CRO 0839 Grams: WILCO CROYDON 
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GUIDE 
TO THE |, 


SPA CE Cc. W. Besserer 
one Specialists in the manufacture of Wirewound Potentiometers for over 


A G E Hazel C. Besserer 30 years. COLVERN LIMITED are the foremost producers of these 





components in the United Kingdom. f 
The extensive range of types in constant production comprises: 


e $ dard Wir d Pi ters from 1 to 15 watts 

rating and including multi-ganged types. 

e A complete range of sealed wir d ti ters and 

variab resistors ona to British Joint Service 
Specifications RCS/121 and fai. 

” UES A comprehensive range of Precision Potentiometers, 

Guide to the Space Age’’ is a comprehensive including Helical and Sine/Cosine types, many incorporat- 

ing the exclusive COLVERN Cam-correction ice. 


presentation of the terminology of space technology 
in dictionary form. Terms are authoritatively defined 4 
covering as broad an area as possible and many cross- 
references, drawings and diagrams are included. First 


published in America this book will provide a valuable 








TYPE CLR4201 
insight into the technical background necessary to SEALED TROPICAL POTENTIOMETERS 
Designed to operate under extreme climatic 
conditions and to meet the requirements of 
British Joint Service Specifications RCS. 121. The 
potentiometer is housed in a mineral filled mould- 
in this new and exciting field. 47/6 net ing, and effectively sealed by a metal back cover and 
neoprene ‘O’ seals in the spindle-bush assembly 
CONFORMS TO BRITISH INTERSERVICE 
SPECIFICATIONS RCS.121 AND RCL.121, 
STYLES RAC-RAD(CLR.4239}, RAE-RAF 
(CLR.s237) HUMIDITY CLASS Hz. 


PITMAN | Sve: PDT ala 


Type CLR.26,00 MULTI-TURN Helical Potentio- 
meter has been developed primarily for mechanical drive 
and use in servo systems. Supplied in the popular 10-turn 
version, or with any number of turns in the helix from 3 to 
20, standards being 3-5-10-15 and 20 turns. The precision- 
ground stainless steel shaft is mounted in ballraces giving 
a smooth torque of 1-1} oz./in. and the machined 
duralumin base has a locating spigot true with the shaft 
SPECIFICATION: 
© Rating: 0.4 watts per turn @ Resistance Range: 
zo O-r1ok © per turn. 
Resistance Tolerance: Standard, + 5°. Best 


Practical, +1°.. 
FOR Absolute Law Accuracy: Std., +0.25% \ 10- 


understand and evaluate the scientific developments 





apeees +o.1% J turn 
Max. Working Volts Spindle' Track 1o00V D.C. 


e Effective Resistance Angle Tol.: «1°. ¢ Max. 
Starting Torque: } oz./in. 
e Min. Angle between Taps: 90. 


e Max. Ganged Sections: 2z. 


es ry 
CERTAIN. 


TYPE CLR.91 00 

CAM CORRECTED 

Originally developed for Radar Gunnery Equip- 
ment this Potentiometer is undoubtedly the 
most accurate Potentiometer in quantity pro- 
duction. In addition to applications in Elec- 
tronic Computing it is an ideal instrument for 
use as alaboratory standard. 

Trade Mark SPECIFICATION: 

e Rating: 10 watts @ Resistance Range: 
. 1000 ()-150k (1 @ Resistance Tolerance: 
Best electric soldering irons in the business — ’ é Standard +5%. Best Practical, +1‘ 
first choice with Industry for over a — Wiconine Vales’ Spimathe Treck: 
25 years. Full range available. 25 watt ; y~ 4 a ue 

model illustrated. For leaflet write: Mechanical Rotation: 760° cont. ¢ Max. 


Starting Torque: 8.5 oz./in. 
CAET ) CABLE DIVISION 


Min. Angle between Taps: 10’. 
Max. Ganged “7 * 
Associated Electrical Industries Limited 


Resistance 


Sections 


COLVERN LTD., SPRING GONS., 
Distribution Equipment Sales Department, ROMFORD Fuleah 62222 FSSEX 


145 Charing Cross Road, London, W.C.2. 
Tel: GERrard 9797 





Telegrams & Cables COLVERN PHONE ROMFORD 
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SWITCHES 


—= f 


RESISTORS 





ARDENTE 


Miniature 
Electronic Components 


me 


FULL TECHNICAL DATA UPON REQUEST 


IM 
ul 


AMPLIFIERS 


wo — 


es 


ARDENTE ACOUSTI 
seston 


8-12 MINERVA ROAD : LONDON : NWI 


LABORATORIES LTD 


Phone: ELGAR 3923(6 lines) Telegrams: HAILER. LONDON 


73 L E ST T A chy | VHF MOBILE AERIAL 





ml 
cessssntttsttHHNHNU 





\V 





PRECISION COLD CATHODE TUBES re YOUR SPECIFICATION 


- Will fit standard aerial bases and supplied 
HIGH-SPEED MINIATURE 
DECADE COUNTERS & SELECTORS aut Oo your raquenty reyevements. 
ye Panorama Aerials are used by Police Forces, 
EZ. 10A EZ. 10B Fire Brigades and Ambulances. 
(Provisional) o 2 
300,000 | million p.p.s. % Flexible, yet robust, made of high tensile steel, 
Anode Supply Voltage 560 580 V Li copper or silver-plated. Plastic cover, corro- 
Anode Sustaining Volt. 270 300 V ei, oy 
Anode Current 1.3 1.5 mA : , 
~80 
7 
6.8 


Max. Counting Rate . 


sion proof. 
Pulse Drive Peak Amplitude 
Output Pulse Amplitude 
Cathode Resistors 








Please write for details to:— 
Data Sheets & Circuits li 


- ‘ ‘ PANCRAMA 
Distributing ° ; RADIO COMPANY 
Agents: BRITEC LIMITED 73 Wadham Road 
17 CHARING CROSS ROAD, LONDON, WC2 WHI 3070 London SWI5 
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ENALON PLASTICS LIMITED 


Phone: TONBRIDGE 3343/45 MRAYTON ROAD - TONBRIDGE - KENT 


Specialist Manufacturers of Plastic Materials to the 
Electrical, Radio and Television Industries . . 


e——_ENALON precision wounpd colt FORMERS 
e—_ENALON INJECTION MOULDING 
e@——_-ENALON “95s... tusInc 


e@——_-ENALON 6‘stameincs aNnp MACHINING 
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MEGOHM METER... 
20 MEGOHMS TO 50,000 MEGOHMS STANDARD. 
OTHER RANGES TO ORDER 
MEGOHM METER LSI87-E . 
@ PORTABLE Enables unskilled operators to read 
insulation resistance direct in megohms 
in the laboratory, in the factory or on 
ae 





location. Readings independent of 
mains fluctuations and measuring circuit 
CONTAINED inherently safe against accidental over- 
loads. 
The Altron Megohm Meter is used 
@ MAINS extensively by industrial operators and 
OPERATED by research organisations throughout 
the U.K. and overseas. 


ALLIED ELECTRONICS LTD. 


28 UPPER RICHMOND ROAD, LONDON, S.W.15 
TELEPHONE: VANDYKE 1856 





ER — RANGE 

These units are encapsulated with conventional resin 
which protects the wire during assembly operations. 
Working temperature range 0°C—100°C. 


Range: 0.1Q—10MQ Rating: 4W—2W. 


P RANGE — NYLON EMBEDDED 

Nylon improves physical mechanical and electrical 
properties giving maximum possible seal against 
humidity over a temperature range of —5SO°C to 


SPRINGS an PRESSINGS | geccioa +10. rating: aw and aw. 


for the re units g graded by colour i in five standard tolerances 


5% 


: DELIVERY: Two to three weeks from receipt of 
E L E CT R 0 Al | C | N D U h) T R Y Por fall technical details write or phone: 
Manufactured in Beryllium Copper, ASHBURTON RESISTANCE CO. LTD. 
Nickel Silver, Stainless Steel, 72 Brewery Road, LONDON, N.7_ Tel.: NOR 1168 
Phosphor Bronze, Tantalum, 
Spring Steel etc. To A S HH B UJ R T 0 N 
We welcome your enquiries LB 
Te ee | 
EE 29 243 fog further details 
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JACKSON 


the big name in PRECISION components 


Precision built radio components 
are an important contribution to 
the radio and communications 
industry. 

Be sure of the best and buy 
Jackson Precision Built Components 


AM/FM Gang 
Condenser 
Type 5320 


JACKSON BROS. (Lonvon) LTD 


KINGSWAY-WADDON, SURREY 
Telephone: Croydon 2754-5 Telegrams: Walfico, Souphone, London. 
Canadian Distributors: Messrs. R. Mack & Co. Ltd., 1485, South West Marine Drive, 


Vancouver, 14, B.C. Canada. 
Americon Distributors: Messrs. M. Swedgal Electronics, 258, Broadway, New York 7, 
U.S.A 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES 
“MANGINSAX"’—GENUINE MANGANIN 
ENAMEL, SILK, RAYON COVERED 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS"’ THERMOCOUPLES, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 
Contractors to the Admiralty, War Office, Air Ministry 


ROAN WORKS, GREENWICH S.E.I0 


Grams: “‘SAXONIST LONDON” Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 


Trade Mark 
established 1895 
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OFFICIAL 


AVO 


REPAIR SERVICE 


All repairs guaranteed 12 months. 
QUICK SERVICE. Our Staff is fully trained by AVO 
LTD. Final tests and calibration carried out on AVO 
test equipment. Repairs sealed with the AVO seal—the 
mark of Perfection. 


FARNELL INSTRUMENTS LIMITED 
YORK ROAD WETHERBY Tel: Wetherby 2691/2 











SERVICES TO THE ELECTRONIC INDUSTRY 
Ultra - Subminiature 
Unic manufacture 
ment and manufac- 
Industries Ltd oe 


and assembly 
Tool Design and 
XQ, 4125 


Toolmaking - Press 
Tools - Plastic 
Moulds and Plastic 
Moulding 


_ Prototype Develop- 


LANCASTER ROAD HIGH WYCOMBE 


fe 9 ry for further details 


* BUCKS 

















v 


a 


INSTANT 
SUPPLY 


ore 
5 annie * 
c “ff 


of EDDYSTONE apparatus 


the ‘‘880"’ High Stability communications 
receiver, 500 kc's to 30.5 Mc's in thirty bands 


WEBB’S RADIO 


includin 


14 Soho Street, London, W.!. Telephone: Gerrard 2089 
Shop Hours: 9 to 5.30 (7 p.m. Thursdays) and 9 to | Saturdays. 
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| ELECTRONIC 
EQUIPMENT 
RELIABILITY 


By G. W. A. Dummer, M.B.E., M.I.E.E., 
Sen.Mem.1.R.E., and N. Griffin, A.M.Brit.1.R.E. 


A new book for all concerned with the design of 


electronic components and equipment. The work 


covers the various factors affecting the life and 
behaviour of different components and circuits, e.g., 


humidity, temperature, pressure, etc. 
45/- net. 


From all booksellers 


PITMAN 


Parker St., 








Kingsway, 
London, W.C.2. 
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Out of print volumes of 
“Electronic Engineering ” 


are to be reprinted in full size 
by 


Wm. DAWSON & SONS L"? 


The first volumes scheduled to be reprinted 

are volumes 13-26 covering the years 

1940-1954. Further volumes are to be 
reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to:— 


Wm. DAWSON & SONS Ltd. 
16, WEST STREET, FARNHAM, SURREY. 


indicating in which volumes you are particularly 
interested or fill in the reference No. given above 
on one of the Reader Information Service Cards. 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The cha  , 


2s. extra, except in the case 


Specially Spaced Classified—50s. Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the |4th of the month for insertion 


in the following issue. 


ae ary | Classified—Full Page, £75 (based on specially spaced classified rates). 
ages pro rate. Copy dates: With proofs, Sth of preceding month. Without proofs, |0th of preceding month. 


Eighth 
Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering”, 28, Essex Street, Strand, London, W.C.2. 


e for these advertisements is 7d. per word. Minimum charge, |4s. Box number, 
dvertisements for ‘‘Situations Wanted’’, when it is free. 


Half Pages, Quarter Pages and 





OFFICIAL APPOINTMENTS 


AIR MINISTRY uire 2 Engineers, Grade 
Ill, at Slendeuartets 2A nals Command, R.A.F., 
Medmenham, Marlow, Bucks., to work in team 
responsible for installation design of radio com- 
munication on radio navigational aid systems and 
a“ of ancillary equipment for such systems. 
Recognized engineering apprenticeship or 
equiv. training, and corporate membership of L.E.E., 
or equivalent or exempting quals., with sound 
knowledge of principles of radio engineering. Salary 
scale, £780 (at 25 years)-£1,220 p.a. (provincial 
male). Forms from Ministry of Labour, Technical 
and Scientific Register (K), 26 King Street, London, 
pia quoting D.776/OA. Closing date, 21 January 
1. ws 


5 


BRADFORD INSTITUTE OF TECHNOLOGY 
Department of Electrical Engineering. Applications 
are invited for the following posts in this rapidly 
expanding department which offers exceptional 
opportunities for teaching, consulting and research 
work; Senior Lecturer in Electrical Engineering 
Salary scale £1,550 to £1,750. Lecturer in Electrical 
Engineering—-Salary £1,370 to £1,550. Candidates 
should be suitably qualified to teach to final degree 
standard in electrical power and machines or 
electronics and telecommunications. Industrial and 
research experience will be a recommendation. The 
successful candidates will be encouraged to develop 
industrial contacts and undertake research for which 
adequate facilities will be available. Previous 
industrial and research experience at a suitable level 
will be taken into account in fixing the commencing 
salary. Further particulars and forms of application 
may be obtained from the em, Bradford 
Institute of Technology, Bradford Henry Patten, 
Clerk to the Governors. W S015 


CENTRAL ELECTRICITY GENERATING 
BOARD. Electrical and Electronic Engineer, 
Physics Division. A Senior Electrical or Electronic 
Engineer is required to lead a Group in the Elec- 
tronics Section of the Research Laboratories, 
Leatherhead. Applicants must hold a first or second 
class London degree or higher qualification. The 
Group is responsible for research on the problems 
of System Protection arising from the continuing 
expansion of the Boards network, the use of higher 
transmission voltage, and more advanced methods of 
control. The work includes investigating the per- 
formance of power systems and protective gear under 
transient conditions. The successful candidate wilt 
be required to study the basic problems of power 
system protection and to apply modern techniques 
to their solution. Experience in power system 
engineering is essential and some knowledge of 
recent develop in ce ations and advances 
in light current engineering, would be an advantage. 
In addition the post demands scientific outlook, 
initiative and an independent critical faculty 
Supporting staff are already available and adequate 
instrumentation is provided, including a mobile 
multi-channel data recording unit to enable research 
to be carried out into the behaviour of plant on the 
network. Salary will be fully commensurate with 
qualifications, ability and experience, and will be 
within the range £1,400-£2,395 p.a. Applications 
stating age, qualifications, experience, present 

»sition and salary, to the Personne! Officer, 24/30 

olborn, London, E.C.1, by 13th January ee 
should be marked “Confidential Ref. EE 
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EXPERIMENTAL OFFICERS : Ministry of 
Power. Two pensionable posts at Safety in Mines 
Research Establishment, Sheffield, for men or women 
at least 26 and normally under 31 on 31.12.61. One 
post is concerned with the ignition of inflammable 
gases by electric sparking and involves construction, 
testing, and use of electronics apparatus for the 
investigation of electrical discharges and the flames 
initiated by them; the other is concerned with the 
design, construction, installation, and calibration of 
a wide variety of electronic measuring apparatus. 
Qualifications: H.N.C. or equivalent, in Applied 
Physics or Electrical Engineering, at least 5 years’ 
experience in the design, construction and testing of 
equipment in one or more of the following fields: 
Electronic pulse circuits, servomechanisms, small 
mechanisms, electronic computors, audo-frequency 
equipment. Knowledge and experience of use of 
transistors desirable but not essential. Salary scale, 
£1,045-£1,285. Promotion prospects. Write, Civil 
Service a 17 North Audley Street, 
London, W.1, for application form, quoting 
$/94-95/61/SMRE. Early application advised. 

W 5022 


L.c.c. SOUTH EAST LONDON TECHNI- 
CAL COLLEGE Lewisham Way, S.E.4. Vacancies 
for (i) Lecturers and (ii) Assistant Lecturers (Grade B) 
in the following subjects: Electrical Engineering, 
Telecommunications, Physics and Mathematics. 
Candidates should have a degree, industrial experi- 
ence and preferably some teaching experience 
Salary scale; (i) Lecturer: £408-£1,601, possible 
entry above minimum; (ii) Assistant (Grade B) 
£738-£1,201, with additions as approved to a 
possible maximum of £1,486 for degree, good 
honours and suitable full-time study or resear¢h. 
Point of entry dependant on relevant industrial and 
teaching experience. The College offers Full-time, 
Sandwich, Part-time Day and Evening Courses in 
Electrical Engineering and Applied Physics. Applica- 
tion forms from the Secretary, returnable within 
2 weeks, quoting (FE3a/E/3226/1). W 5023 


MINISTRY OF AVIATION require Electronic 
Engineers for development, planning production or 
inspection of Guided Missiles and other electronic 
equipment including communication and radar 
equipment at London Headquarters branches and 
other locations. Quals., recognized engineering 
apprenticeship or —— training and corporate 
membership of 1.E.E. or exempting quails. Experi- 
ence of modern electronic practice in communication 
or radar fields desirable and knowledge of guided 
weapon practice and servo mechanisms advantageous. 
Salary, £830 (age 25)-£1,300 per annum (London, 
male). Maximum commencing salary £1,125 at 
age 34 or over (London). Slightly lower rates in 
provinces with maximum commencing salary £1,095 
at age 34 or over. Excellent career prospects and 
opportunities for established appointments. Forms 
from Ministry of Labour, Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, quoting 

A W 5000 


MINISTRY OF AVIATION, Malvern, requires 
Technician for preparation of technical publications 
on radar and electronic equipment. Quals.: Recog- 
nized engineering apprenticeship or uivalent 
training. H.N.C. or equivalent qualifications. 
Experience of radar or electronics essential. Previous 
experience of writing or editing technical publications 
an advantage. Prospects for promotion and pension 
Salary, £1,055-£1,295. Forms from Ministry of 
Labour, Technical and Scientific Register (K), 26 
King Street, London, S.W.1, quoting D.446/OA 
Closing date, 14 January 1961. W 5001 


194 


POST OFFICE: Assistant Engineer About 
20 permanent and pensionable posts for men at 
least 17$ and under 23} on 1.3.61, with extension for 
Forces service, Overseas Civil Service, and, up to two 
years, for permanent Civil Service. Written examina- 
tion, beginning 5.4.61, in English, Physics and two 
prescribed optional subjects, followed by interview of 
qualified candidates. Salary (London): £560 at 18, 
19 or 20; £620 at 21; £785 at 25 or over, rising to 
£1,205. Five-day week in general. Promotion 
prospects. Write, Civil Service Commission, Bur- 
lington Gardens, London, W.1, for application form, 
quoting 159/61. Closing date, 26 January < one 

/ 


PLYMOUTH AND DEVONPORT TECHNI- 
CAL COLLEGE. Principal: E. Bailey, B.Sc., 
F.R.LC., A.M.1.Chem.E. Required as soon as 
possible, Assistant Leacturer, Grade A, for Radio 
Officers’ courses with opportunities for taking other 
radio and electrical courses within the Electrical 
Engineering Department. Candidates should hold 
P.M.G. Wireless Telegraphy Certificate and Ministry 
of Transport Radar Maintenance Certificate. Sea- 
going and/or teaching experience are added qualifica- 
tions. Salary, £520 by £27 10s. to £1,000 per annum, 
with additions for approved experience, qualifications 
and training. Forms and particulars (s.a.c.) from 
Clerk to the Governors, Education Offices, Cobourg 
Street, Plymouth, to whom they should be returned 
as soon as possible W 5008 


UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY. The Radiochemical Centre, 
Amersham, Bucks, requires Electronic Instrument 
Technicians in the Instrumentation Section of the 
Physics Department. Post I: To be responsible for 
the calibration and maintenance of the wide range of 
electronic instruments used for radiation measure- 
ments throughout the Centre. A National Certificate 
and supervisory experience would be an advantage 
Post II: To assist with the above work. Applicants 
for both posts should have served a recognized 
apprenticeship or have had equivalent training. The 
work requires considerable experience of pulse, 
high voltage or electrometer circuit techniques. The 
Centre manufactures and distributes radioisotopes 
and is situated 25 miles N.W. of London on the edge 
of the Chilterns. Salary: Post I, £1,015-£1,160 p.a.; 
Post II, £845 (at age 26)-£1,015 p.a. Assisted housing 
and superannuation schemes; ‘S-day week. Send 
postcard for application form to the Personnel 
Officer, The Radiochemical Centre, Amersham, 
Bucks, quoting reference 1852/42. W 5021 


THE QUEEN'S UNIVERSITY OF BELFAST. 
The Senate of The Queer.’s University of Belfast 
invites applications for a Senior Lectureship in charge 
of the department of Engineering Mathematics from 
1 October 1961. The Department is responsible for 
teaching mathematics to engineering students 
throughout the University, and candidates should 
preferably have a research interest in the application 
of mathematics to some engineering subject. Salary 
range, £1,700 to £2,275 plus contributory pension 
rights under the F.S.S.U. Initial placing on the 
salary scale will depend on qualifications and 
experience. Applications should be received by 
30 January 1961. Further particulars may be 
obtained from G. R. Cowie, M.A., LL.B... J].P., 
Secretary to the University. W 5025 
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Hunting for 
the right 


transistor? 


You can waste a lot of time covering the whole field, following false scents 
and even barking up wrong trees when all the time the transistor you want 
is already there in the Ediswan Mazda rangespecially developed for industrial 
applications. Let us know, on 


your letterheading, the appli- These could help 


=~ latest developments in our —— range 
: ; ; include the XA161 and XA162 for high speed 
cations you have in mind and switching applications. These are germanium pnp 
, . diffused alloy mesa transistors with a minimum 
we will send you full informa- gain/bandwidth product of 25 Mc/s and 35 Mc/s 
respectively. Features include low saturation 


fetance, low total stored charge, and high collect 
tion about suitable Ediswan yon i aaa tai ™ 














Mazda transistors. 


E DI SWAN Associated Electrical [Industries Limited 


MAZDA Radio & Electronic Components Division 
Semiconductor Department, 155 Charing Cross Road, London W.C.2 

SEMICON DUCTORS Tel: GERrard 9797 Telegrams: Sieswan Wescent London 
cuc 15/76 
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OFFICIAL APPOINTMENTS (Cont'd. 


UNIVERSITY OF GLASGOW. James Watt 
Chair of Electrical Ragasemng. The University 
Court will shortly d appoi to the 
James Watt Chaw of Electrical ‘Engineering. The 
Chair is a full-time appointment. Particulars as to 
duties, salary and conditions of appointment, may 
be obtained from the undersigned, with whom 
applications (20 = jes) should be lodged, not later 
than 14 Janua 1. Robt. T. Hutcheson, Secretary 
of University ae W 5012 





6LSH COLLEGE OF ADVANCED 
yocnnoLSey Cathays Park, Cardiff. Applica- 
tions are invited for an appointment in the Depart- 
ment of Navigation. The successful applicant will be 
required to specialize in the teaching of electronics 
and related subjects, with particular reference to their 
application to navigational aids on board ship 
Applicants should hold good qualifications in 
electronics and/or radio engineering and have had 
industrial experience with electronic navigational 
aids, together with some teaching or lecturing 
experience. An applicant with graduate or equivalent 
professional status would be appointed as Lecturer 
(£1,370 to £1,550). In other cases the appointment 
would be as Assistant Grade B (£700 to £1,150), the 
commencing point in the scale being determined by 
previous experience. Application forms and further 
particulars may be obtained from the Registrar, to 
whom completed forms should be returned within 
fourteen days of the publication of this advertise- 
ment. Robert E. Presswood, Clerk to the Governors, 
City Hall, Cardiff. W 5007 


SITUATIONS VACANT 


A YOUNG ELECTRICAL ENGINEER is 
required by the British Oxygen Co. Limited, Scientific 
Division, to assist in the welding research pro- 
gramme. Applications are invited from honours 
graduates who should write to the Administration 
Manager, The British Oxygen Co. Ltd., Scientific 
Division, Deer Park Road, London, eirton™ 
5004 


ASSISTANT TO THE CHIEF ENGINEER. 
Pamton & Co. Ltd., manufacturers of high quality 
components for the tronics Industry, are 
expanding their activities and wish to appoint an 
Assistant to the Chief Engineer. Applicants must 
be graduates in Physics or Electrical Engineering, 
have experience in the design and development of 
Electronic Components and be able to carry executive 
authority. This is a staff appointment with super- 
annuation scheme. Applications to the Personnel 
Officer, Kingsthorpe, Northampton. W 4070 


BERKELEY NUCLEAR LABORATORIES. 


Laboratory Technicians required in the Nuclear 
Instrumentation, Reactor Physics, Graphite and 
Solid State Physics Sections of the Physics Division 
at Berkeley, Gloucestershire, for the following 
appointments: A. General. To assist the scientists 
in the Division in a variety of work, including 
mechanical and electrical measurements, and the 
setting up and operating of experimental rigs and 

Candidates should preferably possess an 
O.N.C. or equivalent qualifications in applied 
physics, electrical, electronic or mechanical engineer- 
ing. B. Photographic. To provide a technical photo- 
graphy service to the whole laboratory, including the 
preparation of material for research reports and other 
publications, processing and maintenance of dark 
room facilities. Experience is desirable in (a) indus- 
trial photography, or (b) general laboratory work, 
with a keen interest in photography either profes- 
sional or as a hobby. C. Electronic. For maintenance 
and construction work in electronics associated with 
nuclear instruments. Candidates should preferably 
possess O.N.C. or equivalent qualifications in applied 
physics or electronic engineering. hilst previous 
experience in related work is an additional qualifica- 
tion, training will be provided where necessary 
Salary within the range £650-£940 p.a. according to 
qualifications and experience. A 38 hour 5 day week 
is worked. The posts carry superannuation rights 
Applications stating age, qualifications, experience, 
present wage say and salary, and indicating post 
applied to the Personnel Officer, Central Elec- 
tricity Generating Board, 24/30 Holborn, London, 
E.C.1. Quote “Ref. EE/455” W 5026 





ELECTRONIC ENGINEER REQUIRED for 
development of specialized electronic equipment. 
Salary up to £1,100 p.a. Minimum qualification 
H.N.C. and 2 years’ experience. Sound knowledge 
of transistor techniques. Reply to Electronics 
Manager, MPE (Finchley) Lid., Dollis Park, 
Finchley, N.3 W 2004 


ELECTRONIC ENGINEERING 


AN ELECTRONICS ENGINEER is required 
by W. H. Allen, Sons & Co. Ltd. for their Servo- 
mechanisms Laboratory. A Qualified Electronics 
Engineer to work on the design of electronic equip- 
ment for industrial application is required. Some 
previous industrial experience is desirable and 
qualifications must be at least to H.N.C. equivalent. 
Applicants should be under 30 and Grad.LE.E. 
would be an advantage. Conditions of service include 
a Contributory Pension Scheme with free Life 
Assurance, canteen and recreational facilities and 
assistance towards removal expenses where appropri- 
ate. Salary according to age and qualification and 
is subject to annual review. Applications, giving full 
details of age, qualifications, experience and present 
salary, should be sent to The Personne! Manager 
(Ref. 1005/4), Queens Engineering Works, Bedford. 

W 5020 


EDWARDS HIGH VACUUM LIMITED, 
Manor Royal, Crawley, Sussex, is expanding its 
resources for research, development and design of 
pumping equipment, instruments and other apparatus 
concerned with high vacuum and its applications. 
The Company requires physicists or engineers to 
carry out research and development work on vacuum 
pumps and their accessories vacuum gauges, vacuum 
switching devices, leak detection methods, gas 
analysis, ultra high vacuum techniques, mass spectro- 
meters, electron optics and related topics. The 
appointments offer ample scope and opportunity for 
initiative and originality over a wide field of vacuum 
physics or engineering. Candidates should have a 
degree or equivalent qualification in Physics or 
Engineering with preferably several year’s post- 
graduate experience. Recently qualified graduates 
will, however, be considered. Commencing salaries 
for these posts would be in accordance with age and 
experience. Pension and Bonus schemes are operated. 
Write giving full details to the Personnel Manager 

W 4080 


ELECTRONICS TECHNICIAN in the 
Nuclear Physics Group of the Department of 
Physics, for Pulse Circuit development. Queen 
Mary College (University of London), Mile End 
Road, E.!. Appointment will be made at a point in 
either the Technician or Senior Technician grade, 
according to experience and qualifications. Salary 
scales: Technician, £490—20 or 25—-£675 p.a., plus 
London Weighting up to £45 p.a., and in some cases 
plus £30 p.a. special qualification award. Senior 
Technician, £690—25—£815 p.a., plus London 
Weighting (above) and in some cases plus £30 or 
£50 special qualification award. Five-day week 
Four weeks’ annual leave. Pension Scheme. Letters 
only to Registrar (PA), giving full details of age, 
experience, present work W 5009 


LOUIS NEWMARK LIMITED, leading com- 
pany in the design of auto pilots for helicopters are 
expanding their facilities at their Development 
Laboratories at Croydon and have the following 
vacancies to be filled immediately. Engi rg and 
Assistant Engineers with degree or and 
experience in the field of light electrical unin, 
electronics, electro mechanical devices or semi 
conductors, to work on the development, installation 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. Pension Scheme. Apply 
in writing, giving full particulars to: Personnel 
Officer, Louis Newmark Ltd., Prefect Works, Purley 
Way, Croydon, Surrey. W 351 


NUFFIELD INSTITUTE FOR MEDICAL 
RESEARCH. University of Oxford. Electronics 
Technician. An electronics technician is required to 
undertake the construction, development and main- 
tenance of electronic and electrical equipment used 
in the physiological and radiological fields of medical 
research. He will also be expected to keep abreast 
of modern developments in electronic techniques and 
components. Salary according to age and experience. 
Apply to The Secretary, Nuffield Institute for 
Medical Research, 43 Woodstock Road, Cniees. 
016 


AND 


Powers 


INTERNATIONAL COMPUTORS 
TABULATORS LTD. Hollerith and 
Samas Accounting Machines. Electronic Engineers 
are required to specialize, after training, on Electronic 
Calculators and Computors installed, or to be 
installed in Greater London, Midlands and North 
West England areas. The following training and 
experience is required: 1. Experience in the main- 
tenance and servicing of electronic equipment (Pulse 
Techniques) either in industry or H.M. Forces on 
radar; in addition the ability to handle bench tools 
and instruments, with an appreciation of the effect of 
electrical circuits on complex mechanisms. 2 
Qualifications: H.N.C. (Electrical or Electronics) or 
O.N.C. (Electrical) or at least two years’ study for the 
City and Guilds Certificate in Telecommunications 
(Advarced G.C.E. in Mathematics and Physics, 
with experience on radar in H.M. Forces, will also be 
considered.) These are staff vacancies which offer 
(a) an attractive career; (b) retirement benefits; (c) 


an excellent Sick Pay Scheme; (d) three weeks’ 


holiday after five years. Applicants who have this 
training and experience and who are aged 24-32 
years, are invited to write to The Principal, Field 
Engineering Personnel Section, I1.C.T. Ltd., 5-11 
Holborn Bars, E.C.1. (Ref.—-EE) W 5006 


OVERSEAS. Electronic Technicians are required 
by an Oil Exploration Company with Headquarters 
in the U.K. Men should be single on joining. 
Work will include the maintaining and operating 
of field equipment often under conditions of desert, 
jungle, and swamp. The equivalent of an H.N.C., 
with practical experience in electronics, is essential. 
Tours overseas are of up to two years followed by 
home leave. Write with full particulars, covering 
any time spent in the Forces, to Box No. W 356. 


PERA REQUIRES an Electronic Engineer 
with technical and practical experience in the design 
of high gain d.c. amplifiers, and high power transisvor 
amplifiers, H.N.C. or equivalent. F.S.S.U. super- 
annuation scheme. Write, giving full details of 
qualifications and salary required, to the Secretary, 
(R.778), Production Engineering Research Associa- 
tion, Melton Mowbray, Leics. W 2002 


RADIO AND TELEVISION DEVELOPMENT. 
A well known Company in the Midlands, Manu- 
facturers of Radio and Television Equipment, has 
vacancies in its Design and Development Labora- 
tories for experienced: (a) Development Engineers, 
(b) Television and Radio Engineers, (c) Mechanical 
Designers and Draughtsmen, (d) Technical Assistants, 
for expanding Contracts and Commercial pro- 
grammes. Opportunities exist for development work 
on all types of Radio Communications and colour 
television. Applications stating qualifications, 
experience and salary required should be addressed 
in confidence to the Personnel Manager, Box No. 
4067. 


RADIO DEVELOPMENT ENGINEER is 
required by Pye Ltd. for the design and development 
of domestic or car radio receivers. Candidates should 
have spent at least 3 years on circuit development and 
hold a minimum qualification of O.N.C. level 
Previous experience of transistors would be an 
advantage. Applications will also be considered from 
junior engineers who have development experience 
but who do not meet all the above requirements 
The department works a 38}-hour, 5-day week 
Housing assistance may be given in approved cases 
Please write to the Chief Engineer, Pye Ltd., Cam- 
bridge, quoting “RDL” W 2001 


THE LABORATORY of Engelhard Hanovia 
requires Technical assistants to undertake design 
and development of electro-mechanical assemblies, 
special purpose transformer equipment and discharge 
lamps. Suitably qualified applicants should write in 
the first instance to The Research Manager, Engelhard 
Hanovia Lamps, Bath Road, Slough W 5014 


YOUNG ELECTRONICS ENGINEER (te- 
quired by well-known London firm of Chartered 
Patent Agents with expanding electrical practice 
Must have Honours Degree, should be aged 25 or 
under and be prepared to study for qualification as 
Chartered Patent Agent. Write, giving full par- 
ticulars as to age, qualifications, etc., to Box No 
DA4339 c/o Whites, 72 Fleet Street, London, E.C.4 

W 5019 
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WESTLAND AIRCRAFT LIMITED Saunders- 
Roe Division have vacancies for Engineers to work 
on the trials and further development of “Black 
Knight” at High Down, Isle of Wight, and in 
Australia. Applicants, who should have experience 
in one of the following—-Control, Data Reduction, 
Ground Electrics, Ground Measurements, Guidance, 
Instrumentation, Telemetry, Trials, Mechanical 
Engineering-—-or in an allied field, together with 
enthusiasm and initiative, should forward details of 
their careers to date to: The Personnel Officer 
(EE/79), Westland Aircraft Limited, Saunders-Roe 
Division, East Cowes, I.W W 5024 


SITUATIONS WANTED 


AGENT, WITH SUITABLE CONNECTIONS, 
available for sales and service of Electronic products 
Write John Bisco, 349 High Street, Cheltenham 

W 2003 


FOR SALE 


BACK ISSUES of “Electronic Engineering’, 

almost complete, from 1947 to 1958. Offers? Buyer 

collects from 54 Hillfield Road, London, N.W.6 
W 2000 


FOR SALE: 110 consecutive copies of “FLEC- 
TRONIC ENGINEERING”, January 1950/Feb- 
ruary 1959 inclusive in absolutely unsoiled condition. 
Offers for the whole to: Frank Ellis, 24, Cambridge 
Road, Birmingham, 14 W 2005 


LARGE STOCK of various surplus, electrical 
insulating materials in sheet, strip, tube, bar and rod 
form, plus a big quantity of 12 in. by 8 in. pieces of 
Paxolin sheet from 4% in. up to } in. thick; also 
large quantity of light, screened, cable in various 
sizes. Woodfield & Turner, Ltd., Burnley (Tel 
78134) W 5018 


50,000 PRECISION INSTRUMENT GEARS 
of all types from stock (Now including spiral 
bevels.) Write for fully comprehensive catalogue 
The Davall Gear Company Limited, Potters Bar 
Middlesex (Telephone No. Potters Bar 2382) 
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EDUCATIONAL 


CITY —. GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details r modern courses in all branches 
of Electrical Applied Electronics, 
Automation, etc., send for our 148- handbook 
—FREE and post free. B.LE.T. (Dept. 337c), 
29 Wright’s Lane, London, W.8. W 316 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘as you 
learn’. Free Brochure y bon Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 353 


MIDDLESEX COUNTY COUNCIL Fduca- 
tion Committee, Twickenham Technical College. 
A Course of 15 Lectures on Principles of Automatic 
Control of Machine Tools, will be held on Wednesday 
evenings, beginning 11 January 1961. The course 
includes basic principles of automatic control 
applied to machine tools and gives details of some 
of the systems at present in use or under develop- 
ment. Fee, £1 10s. A brochure giving full details 
is available from The Principal, Twickenham 
Technical College, Egerton Road, Twickenham, 
Middlesex. (Telephone: POPesgrove 6656) 

W SOIT 


MIDDLESEX COUNTY COUNCIL [Educa- 
tion Committee, Twickenham Technical College 
A Course of Nine Lectures on Recent Developments 
in High Fidelity Sound Reproduction will be held on 
Monday evenings, beginning 16 January 1961. The 
course includes—Systems of Audio Reproduction 
Signal Sources—Disc, Tape, Microphone, Radio; 
Amplifiers; Loudspeakers. Lecturers, G. D. Browne 
(Mullard Research Laboratories), Stanley Kelly 
(Consultant), James Moir (Goodmans Industries) 
D. L. A. Smith (Twickenham Technical College) 
Fee, £1 Brochures and application forms are 
available from The Principal, Twickenham Technical 
College, Egerton Road, Twickenham, Middlesex. 
(Telephone: POPesgrove 6656) W 5010 


ROYAL TECHNICAL COLLEGE, Salford, 
Department of Electrical Engineering. Head of 
Department, J. H. Calderwood, M.Eng., Ph.D., 
M.L.E.E., F.Inst.P. A course of six lectures on 
Electrical Insulation will be given on Tuesdays at 
7 p.m., commencing on 7 February 1961. The fee 
for the course is £1 Ils. 6d. Further details may be 
obtained from the Head of the Electrical Engineering 
Department W 5003 


TV. AND RADIO—A.M.Brit.LR.E., City & 
Guilds, R.T.F.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 cent successes. For 
details of Examination and Home Training Courses 
(including practical apparatus) in al! branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.1.E.T (Dept. 337H), 29 ar s 
Lane, London, W.8 187 


SERVICE 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor + expert supervision =< 


8 
extra production facilities for you. See page LL 
355 


METALWORK. All ty cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, ec 368 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions 
of all types up to3 KVA. Prompt delivery. Suppliers 
to BBC =~ Universities and leadin he 
Concerns. Est. 1922. Phone: SHI: 2 Forrest 
Transformers Lid.. Shirley, Solihull, Warwickshire 
Telephone SHIrley 2483. WwW 350 


CAPACITY AVAILABLE 


CABLEFORMS AND WIRING. Lexor 

Electronics Limited have quantity capacity for all 

types of cableforms, looms, harnesses and equipment 

wiring. All inquiries to Allesiley Old Road, eg 3 A 
Ww 


DON'T FORGET Precision Units Ltd., Seacrest 
Works, Church Road, Parkstone (1664) Dorset for 
Machine Engraved labels in plastic and metal. 
Keen prices. Reliable delivery. First Class produc- 
tions. W 4024 


ELECTRONIC ASSEMBLY & WIRING 
capacity available backed by full machine i 
facilities. D.E.1. approved. G. H. Garland 

Company Limited, 101-105, Nibthwaite oa 
Harrow, Middlesex. Harrow 3536. 4025 


PROTOTYPE OR PRODUCTION Runs 
of Electronic Equipment. Power Packs designed to 
your requirements. Fully equip modern works 
for precision machining, Press Tools and Moulds. 
A.L.D. approved. Quotations by return. Prompt 
deliveries. High Precision Engineering Co. Ltd., 
102a, Bancroft, Hitchin, Herts (Tel.: No. Hitchin 
4520). Ww 1401 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity se capacity available 
for electronic equipment and microwave essemblies. 
All inquiries to Allesley ‘Old Road teen 
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METALS DIVISION 


KIDDERMINSTER 


require 


instrument techniques 
electrics and/or electronics 


pany's Profit Sharing and Pension Schemes 





IMPERIAL CHEMICAL INDUSTRIES LIMITED 


SUMMERFIELD RESEARCH STATION 


INSTRUMENT ARTIFICERS 


for a department concerned with modern electronic and mechanical 
Applicants should have experience of light 


A tax-free subsistence allowance of £3 per week is paid to married men, 
£2 to single men and financial assistance is available for house purchase 


Excellent conditions of employment include participation in the Com- 


Applications in writing stating age and full experience should be 
addressed to the ‘‘Labour Officer”’ at the above address 


TRANSISTOR CIRCUIT ENGINEERS 





Salary range: 








Development Engineers and Senior Development Engineers, 
qualified to H.N.C. or equivalent, are required to join a team 
designing transistorized nucleonic equipment. 
transistor circuit design experience and would like interesting 
work with excellent prospects, you are invited to write to 
the Secretary giving full 


Senior Development Engineers: £1 ,050-£1 ,750 
Development Engineers: 


NUCLEAR ENTERPRISES (G.B.) LTD. 
Bankhead Medway, Sighthill, 


if you have 


details of qualifications and 
experience. 


£750-£1 ,050 





Edinburgh, I}. 
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AUTOMATIC TELEPHONE & 
ELECTRIC CO. LTD. 


SCHOOL OF ELECTRONICS 


STAFF VACANCIES 


The function of the School of Electronics is to train 
Research and Development Engineers in the use of 
advanced electronic devices and techniques associated 
with the Company’s development programme. The 
School is situated in Liverpool and works in close 
liaison with the Company’s Laboratories. Its work 
covers both fundamental aspects and practical appli- 
cations, and includes Semiconductors, Transistors, 
Digital Techniques as applied to electronic switching 
and data handling, multi-channel telephony, and a 
wide variety of allied subjects. 


A number of vacancies exist on the staff of the School, 
and training in specialised subjects can be provided 
within the School when required. The School 
Laboratories are well equipped and good facilities are 
available for experimental work in all fields. The 
vacancies are for men who are interested in lecturing 
to Post-Graduate Students, and to men who are 
principally interested in Laboratory work. 

There are places for men whose qualifications range 
from Higher National Certificate, with some experi- 
ence in light current Electrical Engineering, to 
Graduate or Post-Graduate degrees in Electrical 
Engineering or allied subjects. The work would be 
of interest to those at present at a Technical teach- 
ing establishment who wish to work on the latest 
electronic techniques, or to a man of light current 
engineering industry who is interested in lecturing. 
The posts in the School are well paid, and working 
conditions are excellent. Men who join the School 
will find themselves dealing with the most modern 
aspects of large scale electronic switching and data 
handling. If you are interested in this type of work 
please write for further details to: 


PERSONNEL MANAGER 


AUTOMATIC TELEPHONE 
& ELECTRIC CO., LTD. 


Strowger Works, Edge Lane, Liverpool, 7 


MORGANITE RESISTORS LIMITED 
* 


This subsidiary of The Morgan Crucible Company seeks to 
appoint a 


TEGHNIGAL DIRECTOR 


in charge of the technical departments of its Jarrow and 
Worcester factories. Basic products are fixed and variable 
linear and non-linear resistances, but recent diversification 
has widened the range to components serving all branches 
of electrical industries. 


This senior executive should be a qualified electrical engineer 
of 35-45, who, in addition to administering an experienced and 
well qualified staff for research, development and control of 
manufacturing processes and products, should be able to make 
his own contribution to the forward thinking of the Company. 


A wide experience in light and heavy current devices is 
desirable, but a successful record of technical administration 
and a determination to assume responsibility for the technical 
functions of a rapidly expanding company are all important. 


* 
Applications to: 


The Managing Director, Morganite Resistors Limited, 
Bede Trading Estate Jarrow, Co. Durham. 














Central Research Laboratories 


-§ RANK PRECISION INDUSTRIES LTD. 


have a vacancy for a 


ee 
SENIOR ELECTRONIC ENGINEER 


for logical and circuit design associated with digital computer printing 
systems. 
Applicants should have several years design experience and be able to 
work without detailed supervision. 
A staff pension scheme is in operation and salaries are reviewed 
annually. 
Please apply in writing, giving details of qualifications and career so 
far, to: 

Mr. K. G. Huntley, 

Chief Electronics Engineer, 

Central Research Laboratories, 

Rank Precision Industries Ltd., 

Sulgrave Road, Hammersmith, LONDON, W.46. 





JUNIOR ~ ‘ FURTHER VACANCIES EXIST IN PROJECT TEAMS WORKING ON 


THE DEVELOPMENT 
FOR COMPUTER STORAGE SYSTEMS. 


These vacancies will suit young men ambitious to gain experience in an 


AND PRODUCTION OF TRANSISTOR CIRCUITS 


AND expanding field of electronics. 
Applications will be considered from men holding the Ordinary or Higher 


National Certificates or their equivalent, or having practical experience in 








electronics—particularly transistor circuitry. 


The posts carry good salaries, excellent conditions of employment and 
first class prospects of advancement. 


TECHNICAL 
ASSISTANTS 


“Mullard” is the Trade Merk of Mullard Ltd, 


Write in confidence to: THE PERSONNEL OFFICER, 
THE MULLARD RADIO VALVE CO. LTD., 
New Road, Mitcham Junction, Surrey. 

Quoting Reference PC/EC/TA 
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SEMI-CONDUCTOR INVERTORS 


The invertor—a device for con- 
verting direct-current power 
supplies to alternating current 
without using moving parts—is 
receiving wide support as a repla- 
cement for rotating machinery. 
Its chief advantages are consider- 
able weight-saving, higher effi- 


ciency, greater reliability and less 


. . . taking the lead... 


need for servicing. From the 
simple invertor there stems a 
range of power conversion 
devices which can revolutionise 
present ideas of auxiliary power 
supply systems. de Havilland are 
taking the lead in the design of 
these devices for use in aero- 


planes, ships and industry. 


To do so, the company is building 
up its team of designers, engi- 
neers and draughtsmen who will 
be able to call upon the already 


considerable experience in the 


MEMBER COMPANY OF 


JANUARY 1961 


organization in advanced circuit 
and constructional techniques. 
The team will work on the design 
of semi-conductor and magnetic 
amplifier pulse circuits and high 
power filters and the necessary 
forms of mechanical construction 
to obtain enough cooling with 


great reliability. 


The Hatfield research and 
development base is in pleasant 
Hertfordshire country but near 
London. It has all the facilities 
needed to produce the high- 
efficiency equipment which has 
growing markets here and 


overseas. 


This is an unusual opportunity 
to join an exciting technical ac- 
tivity at a stage when its new 
programme is being planned to 
go beyond the sizeable number 
of firm orders already held. The 


team needs senior men—for 


. . semi-conductor and magnetic 
amplifier pulse circuits . . . 


THE HAWKER 


example, qualified engineers of 
some years’ experience—who 
can lead laboratory teams on 
circuit design. It needs junior 
men too—draughtsmen and 


technicians. There will be ample 


. . advanced circuit and 
constructional techniques . . . 


chance to work in both the theo- 
retical and practical aspects of 
design and development and to 
carry out evaluation and prov- 
ing trials on the completed 


equipment. 


This team will be an important 


one and so will the men in it. 


If you consider that you could 
usefully work in this team, please 


write to: 
Ref. 775 
The Personnel Manager 
The de Havilland Aircraft 
Company Limited 
Hatfield 
Herts 


SIDDELEY GROUP 


ELECTRONIC ENGINEERING 
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technicians 


Elliott's the name. We're doing some exciting 
things in electronics, and - if you're a good 
computer technician - here's your chance to 
share our excitement. We're looking, at the 
moment, for two technicians - one electronic 
and one mechanical for a large computer and 
data-processing installation. O.N.C. standards 
are essential. Wages are about £14-£16 a week. 
And you'll have to be prepared to do shift work. 
If you'd like to join Britain’s liveliest company in 
today’s most exciting industry write us a letter 
stating your qualifications and we'll be glad to 
arrange an interview. 


Write quoting this paper to: 
The Personnel Manager, Elliott Brothers (London) 
Lid., Elstree Way, Borehamwood, Hertfordshire. 





{ E{LIOTT } 





ELECTRONIC ENGINEERING 


200 


INSTRUMENT 
ENGINEERS 


are required by the United Kingdom Atomic Energy Authority, 
Development and Engineering Group, at Risley near Warrington, to 
take charge of small teams of Assistant Engineers and Draughtsmen 
in the Instruments Design Office. 

The duties call for experience in the physical or electronic fields of 
instrument engineering. A sound understanding of automatic control 
theory and application is necessary. For the electronics posts knowledge 
and experience of automatic information processing and logical switching 
techniques is desirable. 

The work is concerned with the design, installation and commissioning 
of measuring and control systems for chemical plants and nuclear 
reactors. The most modern techniques are employed and the engineers 
selected must be imaginative, forceful and receptive to new ideas 

Candidates must either have an Honours Degree or equivalent in 
Physics, Chemical or Electrical Engineering with at least three years 
appropriate industrial or research experience, or they must be corporate 
members or be currently applying for corporate membership of a senior 
professional Institution. They should be able to direct the work of 
others and able to control project instrumentation from the preliminary 
estimate to final acceptance testing 

Starting salary will be assessed on the scale £1,370 to £1,825 
according to qualifications and experience. This scale is at present 
under review. 

Housing Assistance Schemes. Contributory Superannuation 

Send p d for appli form quoting reference 432 j43, to 

THE APPOINTMENTS OFFICER, 


U.K.A.E.A. 


Development and Engineering Group Headquarters, 





Risley, Worrington, Lancashire. 


Closing Date: 23rd January, 1961. 











PANELLIT LIMITED 


(Member of the Elliott-Automation Group) 


TECHNICAL WRITER 





An experienced Technical Writer is required to 


assume responsibility for the production of 


technical handbooks and maintenance manuals. 
A background in electronics to Degree or H.N.C. 
standard is desirable, but ability to extract informa- 
tion from Design Groups and to convert engineer's 


rough notes into clear, concise English, is essential. 


Applications, giving details of qualifications, experi- 
ence and present salary, should be addressed to. 
Personnel Manager (Ref. 307), 


ELLIOTT BROTHERS (LONDON) LTD., 
Elstree Way, Borehamwood, Herts. 
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[derranti computers 


THE BRACKNELL LABORATORIES 


of the Company wish to engage a number of 


ELECTRONIC ENGINEERS 


for the 
Commissioning, Installation and Trials 
of 
Special Purpose Data Processing Systems 


Applicants should have a Degree in Electrical Engineering of a Higher National Certificate and one or 
two years’ experience of electronics equipment, preferably including experience of 


SEMI-CONDUCTOR TECHNIQUES 


They should be willing to travel frequently and to work mostly away from the Laboratories for periods 
up to several months. 


Interviews can be arranged in either London or Bracknell and applicants are invited to state their 
choice when writing for application forms to: 


T. J. Lunt, Staff Manager, Ferranti Limited, Hollinwood, Lancs. 
Reference PFD/8 should be quoted. 








BRITISH RELAY WIRELESS G 
AND TELEVISION LIMITED. @ 


The increasing scope of our activities has produced vacancies 
in our laboratories for competent 


ADVANCED ELECTRONIC DEVELOPMENT 
ENGINEERS In view of the increasing demand for telecommunication 
equipment at home and abroad and the compelling need for 
progressive development in electronic techniques, the 
Company has immediate requirements for the following: 


(1) B.Sc. or H.N.C. plus endorsements, and not ELECTRONIC CIRCUIT LOGICAL DESIGN 
less than 6 years’ suitable experience in com- ENGINEERS ENGINEERS 


munications or electronics. TRANSMISSION ENGINEER ELECTRO-ACOUSTIC 
(2) Qualifications similar to or approaching the APPARATUS ENGINEERS ENGINEERS 


above, with experience to include television : A s 
receiver design Applicants should hold an appropriate University Degree, 
H.N.C. or equivalent qualifications. 


of the following grades :— 


(3) City and Guilds final certificate or equivalent, 
and not less than 3 years’ laboratory experience Also required urgently are: 


in television or communications. EQUIPMENT ENGINEERS 
Commencing salaries for grade (1) will be in the range £1,200- who should have experience of telecommunications or light 
£1,400, for grade (2) £1,000-£1,250, for grade (3) £850-£950, current engineering with H.N.C. or equivalent. 
with good prospects for advancement. The salaries offered will be progressive and in line with 
qualifications and experience. Comprehensive benefit schemes 


Bic ; ‘ are in operation. 
Applications which will be treated in strict confidence 


should be sent to BRITISH RELAY WIRELESS LTD., 1!-7 Write in confidence to 
CROFT STREET, DEPTFORD, S.E.8, and addressed to the The Personnel Manager, 


CHIEF RESEARCH ENGINEER (for grade (1) appointments) Standard Telephones and Cables Limited 
or to the GENERAL MANAGER, ENGINEERING DIVISION, Oakleigh Read, New Seuthaste, Leadon, N11 


for grades (2) and (3). or telephone ENTerprise 1234 
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ELECTRONICS ENGINEER 


required by the 
ATOMIC ENERGY ESTABLISHMENT, 
WINFRITH, DORCHESTER, DORSET 


to assist in the development of nucleonic instruments 
used in reactor control. This interesting field of work 
will involve investigation of the latest techniques and 
devices, and their application to a range of instruments 
that will be compatib'e with new types of solid state 
switching circuits. 

The successful applicant will be expected to possess a 
wide interest in the physical and engineering aspects of 
instrument design. 


Applicants should possess a First or good Second Class 
Honours Degree in engineering or physics, or be 
corporate members of an appropriate senior engineering 
institution. 


Salary in the range £755-£1,825 per annum according 
to qualifications and experience. 

Housing and Superannuation Schemes. 

Send POSTCARD for application form to Personnel 


Branch (W.367/4), U.K.A.E.A., A.E.E. Winfrith, 
Dorchester, Dorset, not later than 22nd January, 1961. 











AMPEX 


Manufacturers of precision magnetic- 
tape recording equipment 


VIDEO with B.Sc. in Physics or Engineering, 

ENGINEERS H.N.C., or membership of a professional 
institution, with experience of television 
techniques and circuit designing, or video 
magnetic-tape recording techniques. 


£1,200 p.a. The Company wishes to recruit 

to ENGINEERS for development and 
£1,800 p.a. engineering work in connection with the 
starting salary VIDEOTAPE* TELEVISION RECORDER. 


Contributory Pension and Life Assurance Plan. Free Sickness 
Insurance. 


Apply to the Personnel Manager, 


AMPEX ELECTRONICS LIMITED 
Arkwright Road 
READING - BERKSHIRE 


Reading 84221 
* TM Ampex Corp. 








SENIOR 
TELEVISION DEVELOPMENT 
ENGINEER 


required to take charge of the Section responsible for 
television receiver development. 


Only qualified Engineers with first-class experience will be 
considered for this position. Maximum age 42 years. 


The post is monthly staff status and superannuated. 


{ Write, giving details of experience and salary required, to: 


R. C. Heath, 
PETO SCOTT ELECTRICAL INSTRUMENTS LTD., 
Addlestone Road, Weybridge, Surrey. 


Also Required: 


Intermediate Grade 


TELEVISION AND RADIO 
CIRCUIT ENGINEERS 


preferably with experience of transistor applications. 





Hawker Siddeley Aviation 


LIMITED 


GUIDEOD WEAPOHS 











A. V. ROE & CO. LIMITED 


Weapons Research Division, Woodford, Cheshire 


Opportunities are available in a newly formed department 
for advanced work on missile design. Vacancies are available 
as follows :— 


ELECTRONIC ENGINEERS AND TECHNICIANS 
FOR DESIGN WORK ON:— 


TRANSISTOR ELECTRONICS 
ANALOGUE COMPUTORS 
DIGITAL DATA HANDLING DEVICES 
CONTROL SYSTEMS 


ELECTRO-MECHANICAL ENGINEERS AND 
TECHNICIANS FOR DESIGN WORK ON:— 
si aera MECHANISMS 
PRECISION INSTRUMENTS 
OPTICAL EQUIPMENT 
ELECTRO MAGNETIC DEVICES 


Applications, quoting Reference No. R.49,E, should be 
addressed to: 
THE CHIEF ENGINEER, 
A. V. ROE & CO. LIMITED, Woodford Aerodrome, Cheshire 
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We're on 
the look-out 
for 
technical writers 


If you're a technical writer here's your chance to 
join Britain's most go-ahead company in today’s 
most exciting industry. Elliott's the name. Com- 
puters are our business. We want somebody 
who knows (or can quickly learn) the subject, 
and can write about it fluently and with authority. 
We'd like you to have had at least three years’ 
experience in this, or a similar, field. If we think 
you're good enough you could earn, even to 
begin with, up to £1,500 p.a. Interested? Then 
pick up your fluent pen and write to us. 


Write quoting this paper to: The Personne/ Manager, Elliott Bros. (London) Ltd., E/stree Way, Borehamwood, Herts. 


(eiLiorr) 











BLACKBURN ELECTRONICS 


Engineering nye Sate 
Vacancies ELECTRONIC ENGINEER 


The Industrial Division of S$. SMITH & SONS (ENGLAND) LTD., A vacancy arises for an Electronic Engineer to work on 
require the following qualified engineers in their North West a development programme for automatic digital 
London Factory :— measuring equipment. 

. for design of industrial electronic instruments . - i = oe > af : s 1 
Electronic eaves. abo ngecer tomb memer ype Somme The work, which is on the latest techniques in the field 
Engineers semi-conductor circuit design or alternatively, of Analogue and Digital Measurement, calls for men 


Cer CNS OUND, CF aguas Guyer Cris. with experience in the design of either DC amplifiers 
for design of industrial control and instrumenta- or pulse circuits 
System tion systems. Preferably broad background of “ = 


engineering training, and experience including 


Engineers theory and practice of closed-loop systems Men with Higher National Certificates ora Degree 
—— ————~.—«-= Experience in measurements, electronics or and some years’ experience in advanced development, 
commenicetions ube retovent should apply for this post which offers excellent 


A Gages or DANES. in Socerieni/Meswenis or prospects for rapid promotion and a very attractive 
Mechanical Engineering or Physics, as appro- 


priate, and some relevant experience, is starting salary. 
preferred, but there are also JUNIOR 
VACANCIES for less highly qualified applicants The Company operates a Superannuation Scheme and 
assistance with removal expenses will be given: 

Applicetions will be treated in strict confidence and should be _ BN : 
made in writing to:— Apply in writing, giving full details of qualifications and 


The Chief Engineer, Industrial Division, experience, to:— 


S. Smith & Sons (England) Ltd. 
Chzceee, Wortn, North Circular Road, The General Manager, 


(Tel: GLAdst 1136, ex ion 124) BLACKBURN ELECTRONICS LIMITED, 
from whom further information can be obtained. Brough, Yorkshire. 
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Senior Engineer 


required to take charge of the 
Design Section of the Components 5)... -eniy, giving 


Laboratory dealing with full details to 
The Personne! 
TRANSISTOR 1.F. TRANSFORMERS “anager, 
The Plessey 
This is a senior appointment and offers ample Company Limited 
scope to an Engineer who has considerable Vicarage Lane, 
aptitude for original design work lIford, Essex 
quoting ref: 6952 


invite applications from 


ELECTRONIC ENGINEERS 


for intermediate vacancies in 


SPECIAL CATHODE-RAY 
TUBE PROJECTS 


in the following categories 


This new appointment presents unusua! oppor- 
tunities for advancement. Technical Library 
facilities. 





(i) Design and small quantity production of special types of 


tube. IMPERIAL CHEMICAL INDUSTRIES LIMITED 


(ii) Measurement of tube characteristics and the maintenance METALS DIVISION 


SUMMERFIELD RESEARCH STATION 
and design of test gear. TID DUNMINGTOR 


(iii) Circuitry development. 

Candidates should possess a degree or H.N.C. in electrical 
engineering or physics and preferably experience of electronic CHARGEHAND 
development work. INSTRUMENT ARTIFICER 


These appointments will carry salaries fully commensurate with for a section engaged on the development of modern techniques of 
qualifications and experience with the benefit of Staff Pension electronic data reduction. Previous supervisory experience an advantage 
and Dependants’ tneurence schemes but not essential. Experience in electronics is necessary 


requirea 


Excellent conditions of employment include payment during iliness, and 

Applications forms can be obtained from authorised absence, and participation in the Company's Profit Sharing 
TUL "™M and Pension Schemes. 

- J. Lunt, Sta anager, A tax-free subsistence allowance of £3 per week is paid to married men 

Ferranti Limited, Hollinwood, Lancs. £2 to single men, and financial assistance is available for house purchase 


Please quote reference GCT. Applications in writing stating age and full experience should be 
addressed to the ‘‘Labour Officer’’ at the above address. 

















te 


SETTLE LLL LLL 


A‘E-I 
ASSOCIATED ELECTRICAL INDUSTRIES LTD. 


RESEARCH 


Two vacancies for senior scientists are expected to arise in connec- 
tion with plans for expansion. The vacancies are for very interesting 
work on advanced research projects in Telecommunications. 


ELECTRICAL ENGINEERS, 
PHYSICISTS or 
MATHEMATICIANS 


who feel confident that they can make a substantial contribution to 
the work of the Laboratory, through their ability, experience and 
keenness, are invited to visit the Section Leader concerned for informal 
talks 

The Telecommunications Sections of the Laboratory are situated 
at Blackheath, S.E.3. The posts are permanent staff appoint- 
ments, and carry superannuation rights. 


ELECTRONIC TESTER 


required for Test and Inspection duties on Electronic 
Instruments. Candidates should have knowledge of Valve 
and Transistor Circuits and be capable of designing and 
making specialised test equipment. 


INSTRUMENT 
SERVICE ENGINEER 


to carry out inside service on wide and interesting range of 
Electronic Instruments. 


Accommodation available for suitable applicant 





Apply in writing in first instance stating salary required to:— 


Messrs. FARNELL INSTRUMENTS Limited, 
Light industrial Estate, York Road, WETHERBY 

















DIGITAL COMPUTERS 


Resulting from continued expansion in the computer field, a number of 
vacancies have arisen for 


GRADUATE ELECTRONIC ENGINEERS 
and for 
TECHNICIANS 
of O.N.C. standard 
The additional staff are needed for technical supervision and maintenance 
of Digital Computer Installations 
Vacancies exist in 
LONDON, BIRMINGHAM, MANCHESTER and HULL 


Training will be provided for this interesting work and there are 
opportunities for rapid promotion to positions of responsibility. Salaries 
are generous and in proportion to ability. 


Please write with brief details and to arrange an appointment to 


DR. W. SARAGA, 
TELECOMMUNICATIONS I! SECTION, 
A.E.1. (Woolwich) Ltd., 3 Grotes Place, 
Blackheath, London. S.E.3. 


Please write to the Personnel Manoger, 
The National Cash Register Co. Ltd. 
206-216 MARYLEBONE ROAD, LONDON, N.W.! 
PaeNR NEI AE THe 


HEE 
Hee eee 





2) 
5 
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olivetti 


ELECTRONIC TECHNICIANS 


The men selected will be engaged on servicing Olivetti reader/ 
converters throughout the United Kingdom. The starting salary 


will be between £1,000 and £1,200. 


Applications are invited from men under 35 who have 
studied electronics to at least the level of O.N.C. and who 
have had at least 2 years practical experience in elec- 
tronics, preferably in office equipment. Some knowledge 
of Italian would be an advantage and willingness to learn 


the language is essential. 


Preliminary training will include at least six months in 


Italy. 


Initially the men will be based in London but complete mobility 
within the U.K. is a requirement of the job. 


Applications to: 


W. A. Cuthbertson - British Olivetti Limited 
30 Berkeley Square - London W.1 








UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY 


require 


AN ENGINEER 


to join an electronics development team at A.W.R.E., 
Aldermaston, engaged on a variety of projects, including: 


TELEMETRY, TRANSISTOR APPLICATIONS, 
AUTOMATION, INSTRUMENTATION. 


The successful candidate will control a small team of 
technicians and will have adequate workshop and drawing 
office facilities. 


Candidates should have served a recognized Engineering 

apprenticeship or have had equivalent training and be 

Corporate Members of a senior Engineering institution. 

A good knowledge of electronic development work is 

essential and experience in any of the above fields would be 
an advantage 


Salary: £860 (at age 25)—£1,175 (at age 34 or over)— 
£1,340 p.a. 


Superannuation Scheme. A house, or substantial assistance 
with house purchase, will become available for married 
officers living beyond daily travelling distance. 


For application form send postcard (or letter) to the 
Senior Recruitment Officer, A.W.R.E., Aldermaston, 
Berks, quoting Ref. No. B.2604 42. 








CHIEF DESIGNER 


required by an Engineering Group for their Computer 


Division. The successful candidate will be responsible 
for leading and co-ordinating design teams working on 
analogue and digital computers and also teams working 
on automatic control equipment for process plant such 
as is used in paper manufacture and other semi- 


automatic processes. 


Applicants should possess a Degree or Associate 
Membership of the Institution of Electrical Engineers, 
be already earning a salary in excess of £1,750 p.a., in 
the age-range 30-40, and have had extensive design 
experience of electronic and pulse circuits including 


transistors preferably in a supervisory position. 


Please write in confidence to: 


Box No. EE 1047 LPE Romano House, 
399/401, Strand, London, W.C.2 


giving full details of age, qualifications and experience. 





JANUARY 1961 


ELECTRONIC ENGINEERING 








SITUATIONS VACANT (Cont'd.) 








Electronic Apparatus Division 


TECHNICAL SALES 
ENGINEERS 


Industrial Electronic Apparatus 

The AEI Industrial Electronic Apparatus Sales Depart- 
ment is engaged in the marketing, both at home and 
abroad, of a wide range of industrial electronic products. 
Resulting from this rapidly expanding business posts are 
available for graduates or holders of H.N.C. in electrical 
engineering. Successful applicants will be located in 
Leicester. 

Valves and Semiconductors— 

Electronic Engineers and Physicists holding a Degree or 
H.N.C. with experience in the design and development of 
equipment using valves and semiconductors are required 
by our Valve and Semiconductor Sales Department. 
Applicants should be between the ages of 25 and 40 and 
successful applicants will be located in Lincoln. 


The posts offered will be permanent and pensionable and 
good facilities are offered at both our Leicester and Lincoln 
Works. Starting salaries will be in accordance with qualifica- 
tions and experience. 

Applications should, in the first instance, be made in writing, 

Stating age and experience, to 
Divisional Publicity Officer, E6, 
Associated Electrical Industries Limited, 
Electronic Apparatus Division, New Parks, Leicester. 








UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using puise techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion 
prospects are good. 


Applications to:— 


Works Labour Manager, __ Works Labour Manager, 

Windscale and Calder or Chapelcross Works, 
Works, friesshi 

Sellafield, Annan, Dumfriesshire, 


Seascale, Cumberland. Scotland. 











BICC-BURNDY 


have a vacancy at their Prescot Works for a 


TECHNICAL MANAGER 


to be responsible to the General Manager for the conduct 
and control of the Technical Department which is engaged 
in:— 
(1) Development of all types of connectors for the 
electrical and electronic industries. 


(2) Application of the BICC-BURNDY range of 
connectors to customers’ individual require- 
ments. 

(3) Provision of material and manufacturing speci- 
fications to the Production Department. 

Applicants should be 30-40 years of age and have an Engineer- 
ing or Physics Degree or be Corporate Members of the I.E.E. 
or I.Mech.E., preferably with previous experience in the field 
of light electro-mechanical engineering. Familiarity with the 
electronics industry would be an advantage. 
The post is a senior one and will command an attractive 
commencing salary. 
Applications to:— 
Works Personnel Officer, 
Ref. No. P.634, 
British Insulated Callender’s Cables 
Limited, 


Prescot, Lancs. 











The RADIOTEL Group 


of Companies 
High Wycombe, Buckinghamshire 


The subsidiaries of this Group concerned with 
Electronics, Airmec Limited and British Communica- 
tions Corporation Limited, are embarking on a 
programme of expansion and consolidation, resulting 
in the creation of a number of staff vacancies. Our 
principal requirements are for LABORATORY 
ENGINEERS, TECHNICAL ASSISTANTS and 
DRAUGHTSMEN in the following fields: 
ELECTRONIC TEST INSTRUMENTS 
INDUSTRIAL CONTROL EQUIPMENT 
H.F., V.H.F. and U.H.F. 
TELECOMMUNICATIONS EQUIPMENT 
If you have experience in any of these or allied fields, 
you are invited to write to: 
Personnel Officer, 
c/o Airmec Limited, 
High Wycombe, Buckinghamshire. 
or call at the Airmec Electronic Exhibition to be held at 
Denison House, Vauxhall Bridge Road, London, S.W.1, on 


Wednesday, 18th January, 1961, when Mr. J. E. Varrall, the 
Chief Engineer, will be in attendance. 
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SO 
you're 
a 
power supply designer ? 


Splendid. That's just what we're looking for. We 
need people to design power supplies for com- 
puters. You'll have to be very good, mind you. 
This is a highly specialised field and you'll have 
to know about power supply design backwards. 
Forwards too, of course, because that’s the 
direction Elliotts are going — fast! If you'd like to 
do an important job for Britain's liveliest com- 
pany in today’s most exciting industry — here’s 
your chance. 


Drop us aline now quoting this paper, to: 
The Personnel Manager, Elliott Brothers (London) Ltd., Elstree Way, Borehamwood, Herts. 


( E[LIOTT} 








THE 


“B4” 


ELECTRONIC ENGINEER DRAWER 


The Emitape Division has a vacancy for an E'ectronic Engineer in the 


laboratories at Hayes, Middlesex. . U N IT 


The function of the laboratory is the development and evaluation of 
various magnetic tapes for Audio, Video and instrumentation purposes. 

Applicants should possess a degree or H.N.C. in electrical engineering ALL STEEL 
and have had previous experience in laboratory work and magnetic Stove 
recording, or the design of servo systems. E lled 

This is an interesting and progressive post in an expanding division, nametie 
personal qualities and ability to mix with other people will be taken into DARK ; _ 
consideration and salary will be in accordance with experience and GREEN << = = ae 
qualifications. ° om cat —— He 

Please write,” quoting ref. SS/R/L1, to:— 7 = om < oy = 

_ Pensorema. MANAGER, OVERALL —— a 
ELECTRONICS LTD., 

BLYTiI ROAD. HAYES, MIDDLESEX SIZE 
42” HIGH 
35” WIDE 


113” DEEP 


PLASTIC ‘ 


Contains 54 of these drawers, 

each 5” wide 3” high 11}” long. 
a Eos etek £- Se 54 dividers and 54 drawer cards, _. 

| {0 iieet u rive with each unit. Extra dividers |S 
a | 6d. each. 











pL 


a) or od 


£ I 8 DELIVERED FREE to a 
ENGLAND, SCOTLAND and WALES 


SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 











EE 29 252 for further details EE 29 253 for further details 


JANUARY 1961 ELECTRONIC ENGINEERING 





SE 29 253a for further details 


Now 


you can 
handle 

Static and Dynar 
with 
N.E.P 


Transducers 


ees 


Differential 
Pressure Transducer. Type 1028 
Sensitivity: 30 mv/v 
Non-linearity and hysteresis: 1°, 
Zero drift: better than 0-01% /°C 
Thermal co-efficient of sensitivity: 
02°,/°C up to 200 p.s.i. “05% /°C above 200 p.s.i 


Single Ended Pressure Transducer. Type 1029 
Sensitivity: 60 mv/v Non-linearity and hysteresis: 1% 
Zero drift: better than 0-01%/°C 

Thermal co-efficient of sensitivity : 

02°_/°C up to 200 p.s.i.. -05%/°C above 200 p.s.i. 


Accuracy of measurement at temperatures up to 200°C... high output . . . 
low temperature drift — these are the three great advantages 

of N.E.P single-ended and differential pressure transducers. 

They are available with gauge or differential pressure ranges from 

0-5 p.s.i. to 0-5000 p.s.i. They can be used with almost any fluids 

to give the most accurate dynamic pressure analysis. 


N.E.P transducers are designed for use with the N.E.P oscillator-demodulator unit. 
This provides an output proportional to the fluid pressure, 
which can be used to operate controllers or recorded on the 


N.E.P process-free Direct Writing Galvanometer Recorder. 


New Electronic Products Ltd 


MAKERS OF MEDICAL AND INDUSTRIAL INSTRUMENTS 
Head Office and Works 
360 Kennington Road London SEI! Reliance 5161 
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A.P.T. Electronic Industries Ltd. 

Adcola Products Ltd. 

Advance Components Ltd. 17, 
Airmec Ltd. Inset facing pp. 16 & 17, 
Aircraft Marine Products (Gt. Britain) Ltd. 
Allied Electronics Ltd. 

Alma Components Ltd. 

Ampex International 

Ardente Acoustic Laboratories Ltd. 
Arrow Electric Switches Ltd. 
Associated Electrical Industries Ltd 


159, 161, 


114, 122, 175, 189, 195, 204, 
$1, 83 


Associated Transistors Ltd. 

Ashburton Resistance Co. Ltd. 

Austinlite (Stone-Chance Ltd.) 
Automatic Telephone & Electric Co. Ltd. 


1.P. Chemicals Ltd. 

& K Laboratories Ltd 

B & R Relays Ltd. 

BX Plastics Ltd. 

Barr & Stroud Ltd. 

Belix Co. Ltd. 

Belling & Lee Ltd. 

Berna Industries Ltd 

Berry's Radio 

Best Products Ltd. 

Birch, H. A. & Co. Lid. 
Bird, Sydney S., & Sons Ltd 
Birmingham Specialities Ltd. 
Blackburn Electronics Ltd. 
Bolton, Thomas, & Sons Ltd 
Boulton-Paul Aircraft Ltd 
Brandauer, C., & Co. Ltd. 
Brandenburg Ltd. 

Brauer, F., Ltd. 

Brimar Ltd. 

Britec Ltd. 

British Electric Resistance Co. Ltd. 
British Insulated Callender's Cables Ltd. 
British Olivetti Ltd. (S.G.S.) 
British Relay Wireless Ltd. 
Brown, N. C., Ltd. 

Broxlea Products Ltd. 

Brush Crystal Ltd. Co 


96 
154 
117 
206 
151 
191 

3 
202 
190 

54 


206 
. 85 


191 
187 
198 


INDEX TO ADVERTISERS 
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Cannon Electric International Inc. 
Carter Gears Ltd. 

Cawkell Research & Electronics Ltd. 
Chapman & Hall Ltd. 

Cinetra Mfg. Co. Ltd. 

Cole, E. K. Ltd. (Electronics) 

Colvern Ltd. 

Continental Connectors Ltd. 
Co-ordinators Service (Engineering) Ltd 84 
Cossor Instruments Ltd. Cover ii, 98, 99 


Datum Metal Products Ltd. 

Davis, Jack (Relays) Ltd. 

de Havilland Aircraft Co. Ltd. 

Derritron Electronics Group 

Dobbie Mclanes Ltd. 

Dow Chemical Co. (U.K.) Ltd. 

Dowding & Doll Ltd. 

Drayton Regulator & Instrument Co. Ltd. 
Dynatron Radio Ltd. 


E.M.1. Electronics 

E.M.1. Sales & Service Ltd. 
Electro Methods Ltd. 
Electronic Tubes Ltd. 

Elgar Trading Ltd. 

Elliott Brothers (London) Ltd. 
Empire Rubber Co. Ltd. 
English Electric Valve Co. Ltd. 
Enalon Plastics Ltd. 

Epsylon Industries Ltd. 
Equipment, D. J. (Hersham) Ltd. 
Ericsson Telephones Ltd. 
Evans, Frederick W., Ltd. 


80, 200, 203, 


F 


F.N.L.E. 

Farnell Instruments Ltd. 162, 
Ferranti Ltd. Inset facing pp. 72 & 73; 
Fibreglass Ltd. 

Formica Ltd. 

Fortiphone Ltd. 

Fraser Speller Transformers Ltd. 


Gabriel Mig. Co. Ltd. 

Gardner, Henry, Ltd. 

Gardners Radio Lid. 

Gayler & Hall Led. 

General Electric Co. Ltd. 
Goodman, George, Ltd. 
Goodmans Industries Ltd. 
Greenpar Engineering Lid. 
Gresham Lion Electronics Ltd. 
Guyson Industrial Equipment Ltd. 


Haddon Transformers Ltd. 
Harboro’ Rubber Co. Ltd. 
Hatfield Instruments Ltd. 
Hemming, J. A., Ltd. 
Hewlett Packard S.A. Geneva 
Hilton Electric Co. Lid. 
Hitachi Led. 

Hivac Ltd. 

Honeywell Controls Ltd. 
Hughes International Ltd. 
Hunt, A. H. (Capacitors) Ltd. 


(over tv, 
Cover iii 


Ilford Ltd. 

Imhof, Alfred, Ltd. 

Imperial Chemical Industries Ltd 137, 197, 
International General Electric Co 

International Rectifier Co. (Gt. Britain) Ltd 
Instrument Screw Co. Ltd. 

Insuloid Manufacturing Co. Ltd. 


Jackson Brothers Ltd. 
Johnson Matthey & Co. Ltd 


Keith Blackman Ltd. 
Ketay Led. 





Hydraulic Variable Speed Gears 


Positive hydraulic drives providing smooth stepless 
speed variation over a 27/1 range with sensitive 
accurate control at all output speeds. 

Carter Gears are made in ten sizes suitable for 
variable speed drives from fractional up to forty 
horsepower. They will transmit a constant output 
torque throughout the entire range and may be 
used to accelerate a drive from zero r.p.m. up to 
the required running speed. 

Remote Electrical, Lever and Handwheel controls 
are available and speed control setting adjustments 
can be made with the drive running or stationary. 


To obtain copies of current technical 
publications on the ten available sizes, 
please write to us quoting reference 66!. 


CARTER GEARS LIMITED. 


ns ncakers of Hydraulic Infinitely Variable Speed Gears 
Bradford 3. Yorkshire. England. Phone: Bradford 64378 
EE 29 254 for further details 
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Rivlin Instruments Ltd. “7 
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123, 124, = 


Salford Electrical Instruments Ltd. 

Salter, George, Lid. 

Sanders, W. H. (Electronics) Ltd. 

Saxonia Electrical Wire Co. Ltd. 

Schmidt, Hans & Co 

—— James, & C ‘0. (Electrical Engineers) 


Semiconductors Ltd. 
Servomex Controls Ltd. 
Short Brothers & Harland Ltd. 
Sierex Ltd. : 
Silentbloc Ltd. 
Smallibone & Sons (Service Station) Led. 
Smith, S., & Sons (England) I 203 
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65, 67, 69, 71, 119, 121, 201 
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Stevenage Relays Ltd. .. 
Stone-Chance paenaet) Led. 
Stratton & Co. Ltd. 

Sufiex Ltd. 

Surrey Steel Components Ltd. 


T 


Taylor Electrical Instruments Ltd. 

Telephone Manufacturing Co. Ltd. 
Tessier, V., Ltd. A 
Texas Instruments Ltd. 

. Richard, & Baldwins Ltd. 

Thorn Electrical industries Ltd. 
Tokyo Shibaura Electric Co. Ltd 
Transitron Electronic Ltd. 
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Turner, Ernest, Electrical Instruments Ltd. 
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Vactric (Control Equipment) Ltd. 
Vacwell Engineering Co. Ltd. 
Venner Accumulators Ltd. 
Venner Electronics Ltd. 

Vero Precision Engineering Ltd. 


w 


Walters, Austin, Ltd. 

Wayne-Kerr Laboratories Ltd. 

Webb's Radio 

Webber, R. A., Ltd. 

Welwyn Tool Co. 

Westinghouse Brake & Signal Co. Ltd. 
Westool Ltd. 

Westrex Co. Ltd. 

Whiteley Electrical Radio Co. Ltd. 
Wilkinson, L. (Croydon) Ltd. 


Zenith Electric Co. Ltd. 





ZENIT 


(REGD. TRADE-MARK) 


REGULATORS 


with Electronic Control 


Automatic 


VOLTAGE 


A large range of stabilisers is available for 
installations requiring a constant voltage within 


+1% 
—15% to +5% 


from a supply fluctuating up to +10% or 


Single and three phase models from 7 to 25 kVA 
per phase are detailed in our catalogue which will be 


sent on request. 


ANAL 
ANUAULANS 





THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS, 


Telephone: WILliesden 6581-5 


VILLIERS ROAD, WILLESDEN GREEN, 


LONDON, N.W.2 


Telegrams: Voltaohm, Norphone, London 


MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENTS 





EE 29 254a for further details 
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WF49 ‘Duolectric’ Miniature 
(3.7 cu. inches)* 


7 * HIGHER CAPACITANCES & VOLTAGES 
_//\ * SMALLER DIMENSIONS 
* CLASS H2 PERFORMANCE 


‘DUOLECTRIC’ metallised paper and plastic film 
housed in aluminium tubes, Type WF49 provides 
Foil and paper equivalent for capacitances of up to 2uF at 1000v D.C. Wkg 
in a miniature size that is over 3 times smaller 


2uF 1000 v D.C. Wkg. 
than its equivalent Foil and Paper type. 
(12.6 cu. inches)* 


HUNTS NEW ‘DUOLECTRIC' WF49 RANGE 


—30°C to +85 °C 





Bisensions Length Diameter 
HIGHSIUNS 4 q +e c 
1” to 3 0.375” to 1.250 





0.025 to2uF at 600v D.C Wkg 
Capacitances from 0.1 to2uFat 800v D.C. Wkg 
0.01 to 2yF at 1000 v D.C. Wkg. 





HUNTS 
CAPACITORS 


A. H. HUNT (Capacitors) LTD., WANDSWORTH, S.W.18 
Telephone: VANdyke 6454 


MEDIUM OF CAPACITORS FOR ALL ELECTRONIC, RADIO and TELEVISION EQUIPMENT POWER FACTOR IMPROVEMENT CAPACITOR MOTORS 
PHASE SPLITTING H.F. and R.F. HEATING IGNITION and INTERFERENCE SUPPRESSION TELEPHONE INSTALLATIONS 


Factories also in Essex, Surrey, Sussex and North Wales 
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specify 


gold 
bonded 
germanium 


diodes 


HG5003 is designed to meet CV7127 
Fast recovery and low hole storage 
High forward conductance 

Low reverse leakage 

High peak inverse voltage 


Made in Glenrothes, Scotland, the Hughes range of 
silicon and germanium diodes are subminiature devices 
with extremely stable electrical and mechanical 
characteristics. These diodes are specially designed 
and constructed to meet the most exacting sequire- 
ments of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature 
one-piece glass envelope to ensure complete isolation 
of the active elements from damage or contamination, 
The small size, combined with rigidity of construction 
and small mass of the elements, enable them to 
successfully withstand physical shock and vibration. 


Qualified engineers in our Research and Development 
laboratories at Glenrothes are available to help with 
your application problems. 


Continuous ratings 25°C Characteristics 25°C 





Max. Reverse Volts Max. Forward Current Max. Volts Drop Max. Reverse Current 





HUGHES 


KERSHAW HOUSE, 


100 


80 mA 
80 mA 
80 mA 
80 mA 
80 mA 
80 mA 
80 mA 
80 mA 


8v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 
8 v @ 100mA 


5uA @—50V 
5uA @—50V 
25uA @—50V 
25uA @—50V 
50uA @—50V 
50nA @—50V 
5uA @—30V 
2uA @—30V 
50uA @—30V 


INTERNATIONAL (U.K.) LTD 
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